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SPECIA.L PAET: 
MOLLUSC A TO MAN. 




CICAPTEK 1. 


MOLLUSCA.* 


Jiilaterally sijiuinelrlcal 'it/nmyme.nted auinialSf wifltonl a locomotor// 
skeleton; ivith a ventral foot ami usaall/j a calcareoifs vni valve or 
hivalve shell ; with hrain {saprawsttphayeal ya n(jlkt), clrcumwsop/Ktyeal 
rhajf and sahw8ophayp(d yroap of yanylia. 


Since Cuvier several dilferent groups of animals, which were placed 
amongst the worms by Lin mens, have 
been included in the Mollusca. Of late 
years, however, the anatomy and de- 
velopment of these forms have been 
more closely examined, and it seems 
fairly certain that some of them art^ 
allied to the Woiins. In any case*, the 
group Mollusca must be looked upon 
as of more limited extent than has for 
some time been the case. The bivalved 
Brachiopoda, which in structuiH* and 
ilevelopment stand in closer relationship 
to the Bryozoa, may be removed from the Mollusca and united with 
the latter under the head Mollitscitidea . The Tmdcata also must 
be constitut€>d an independent group betAveen the Mollusca and the 
Vertebrata. 



KiiJ. 402.- -Older hirvu of ii (iaHtn'inml 
(after (iegeubaur). /S', Shell ; 1*, 
foot ; Vrl, velum ; T, tciitaclcH ; Op, 
operculum for the closure of the 
hIuMI opening. 


* G. (Javier, “ Mrriioires pour servir a rhistoiiv cl a raiiatomie tics Mol- 
lusques.” Paris, IS 17. 

R. Leuckart, “ Ueber die Morphologic and die Vrrwaadscbaflsvcirhiiltiiissc 
tier wirbcllosfii Thieie.'’ Prauiischwcig, 1S48. 

Huxley, ‘‘On the Morphology t>f the (!ephalous Mollusca, as illustrated 
by the Anatomy of certain llcieroptMla and Pteropoila. etc. ’ Phil, Traux., 
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MOLLUSCA. 


The Mollusca are unjointed, unsegmented animals, without jointed 
appendages. Tlie body is covered by a soft slimy skin. They lack 
both an internal and external loconiotory skeleton, and appetir there- 
fore especially suited for life in water. But few of them ai*e 
terrestrial, and wlien this is the cjise the locomotion is always limited 
and slow ; while the aquatic foims, in correspondence with the far 
more favourable conditions for locon^otion presented by water, may 
be endowed witli the power of rapid swimming. 

The dermal mv^cidar Hystem plays an important pai*t in thf^ 
locomotion of these animals, especially that part of it placed on the 
lower, ?.<?., ventral, surface of the body. In this region it is greatly 
developed, and gives rise to a. more or less projecting loconiotory 
organ of very various shape, the foot (figs. and 493). The 
foot ahvays consists of an unpaired median structure, which is some- 
times divided into sevcinl 
parts and may possess 
in addition lateral paired 
portions, the epipodia. 
Above t he foot there very 
geneially exists on the 
body a. shield - shaped 
thickening of the integu- 
ment, tlie so-called mantle, 
the edges of which, in 
more advanced develop- 

TiCr. 4113.— Larva of VirmiuH Oiftor Laenze-DnthierH). lueilt, grow over the l)odv 
*v, vclnni ; Bf, ffiil ; F, tciilMClc; J\ loot ; Oc, eyo. r n i ■ 

as a fold ot the skin and 

IKUiiiilly oi- couiplotvlv (-over it.. 'Oie surfiicp of this fold of skin 
secretes calcareous ajitl jiipncntaiy snbsfaiiiees, ajiil frives n'se to tlic 
Viirionsly shaped and ctdonred shells which contain and protect the 
soft Itody. In addition to the j\mi and viavtif-, the body generally 
IMjssesses in the jiutei-ior region, on either side of the month, a pair 
of lohe-like appendages, the hnecal lobes, which are. the remnants of 
a largely-devclojied larval stnicture, known as the valnm 

In the highoi' Mollusea {Vephidophora) the anteiior part of the 
body bearing the Imccal lobes, and containing the i-entral jiarts of 
the nervous system and the sense organs, is nifae (a- less shai-ply 
inarke<l off as a. head. The pii-t of the body hehiml the head 
constitutes the main mass of the animal. Its dorsjil portion {the 
niscerul setc) contiiins the viscera and is frequently spirally twisted, iis 
I'csult of which the bilateral symmetiy undergoes extcrnallv a 
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reiJ^rkable disturbance. The visceml siuj may, however, liave a 
or cylindrical form and retain its symmetry. In this 
group Cephrdophoya) the shell may be simply plate-shaped or 
spirally ii)und, or remain as a mei-e fiat indiment hidden under the 
dorsal mtegument. In one group of the Oephalophora, viz., the 
Cephrdopoda, a. circle of arms is attaclied to tlm head ai-ouiul the 
month opening. They serve l)otli for swimming and creeping, and 
for the capture of nourishment. Jly Loven and R. Lcuckart they 
were looked upon as moditicjitions of the buccal lobes ; by others, 
perhaps with gi*eater justice, jis tentiwles, and by others again as 



Fig. l&l.-- Male of CarhmrUi nmlH( rranea (after Gc^onbanr). P, Foot ; 8, Biickov ; 0, inoiitli ; 
limy buccal niasB; My Ktoiniu'b; Spy nalivary ^Inud; X, liver; A, anus; <V, cerebral 
^ranglion ; Pf-, tCTitnclo; Oc, cyc; Of, nuclitory vesicle ; i/0, inicoal gimglimi ; /’//, pr<lnl 
ganglion; Afy, mantle ganglion; JV, kidney; Ji/% gill; Jf, anriclc; IV, ventricle; .ir, 
aorta; Z, hinder lirancli of the same; 7’, testis ; I'd, vhs ilofcrcns ; Wpy ciliated fnirow ; 
Pcy ponia ; Fy dagellum with gland. 

modifications of the foot. A }H*rfoi*5ited funnel-shaped coni*, through 
which the excretory |)roilucts and water whicli has pjisscd over the 
gills is exjielled from the lai-ge mantlt* cavity, and which tliiis 
serves at the same time as a swdnnning organ, probably eorresjionds 
to the fused folds of the epijjodia. Amongst the Gastropoda tlie 
head is provided with tentiudes and humil lobes, tiiid the ventnilly 
placed foot possesses a large fltit plantar surface ; more rarely it lias 
the form of a vertica-lly placed fin (IJderopodoy fig. 494). Inanotlier 
group, the Lanidlihranchiata {AcepladH)^ there is no independent 
head, and the laterally comjji'essed body liears two largt^ lateral mantle 
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lobes, each of which secretes a single shell; the two valves so formed 
are united on the dorsal surface by a ligament. 

The internal organization of the Mollusca presents as many 
differences as does the external form, like the external form, 
the interna.1 structure also frequently presents surprising devia- 
tions from the bilateral arrangement. 

The nervous system * (tigs. 495, 496, 497) consists of a dorsal 


pair of ganglia lying on the 
tig. 495 — dissolved into a geneml 



Fig, 406. — Nervous system of Chiton (after 
B. Haller). Sr, (Bdophageal ring; 
buccal ganglion ; 8t, x>edal nerve ; 

Fast, pallial nerve ; Br, gills. 


(esophagus (only exceptionally — 
ganglionic investment of the com- 
missure), the cerebral ganglia (figs. 
496, 497, 6^), fi*om which pass off 
the sense nerves and an oesopha- 
geal ring, composed of seveial 
fibrous cords. The latter primi- 
tively gives oft’ two pairs of nerve- 
trunks. The nerves of the upper 
and lateral pair are the pallial 
nei'ves (fig. 495, "PaSt) ; they 
supply the latewil parts of the 
body and the mantle. The nerves 
of the ventral pair are placed 
nearor the middle line, and are 
known as the pedal nerves (fig. 
495, PeSf) ; they are connected 
together by transverse commissures 
(tig. 495) and innervate the muscles 
of the foot. This ariangement, 
found in the simplest form in 
Chiton, agrees essentially with 
that of the Gephyrean-like genus, 
Neomenia. At a more advanced 
stage, tw^o large swellings are found 
at the origin of the pedal nerves ; 
these are the pedal ganglia (figs. 

AQy P«\ Tr 


third group of ganglia, known as the visceral ganglia, is also foun(i. 
The aiTangement of the latter giinglia is very various ; they are some- 
times fused with the cerebral, sometimes with the pedal ganglia, and 
are sometimes broken up into several groups of ganglia. They are 


• H. V. Jhering, “ Vergleichende Anatomie des Nervensystems und Phylogeaie 
uer Mollusken,” Leijizig, 1877. 
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oonnected with the cerebral ganglia by a longer or shorter commissure, 
and give off nerve plexuses to the heart, gills, and generative organs. 
This third pair of ganglia is, therefore, regarded as the equivalent 
of the sympathetic, but unjustly, aa it also gives off nerves to the 
skin and muscles. Small ganglia {buccal ganglia), lying above and 
below the buccal mass and sending off nerves to ,the (esophagus and 
intestine, may more justly be regarded as sympathetic. 

Tactile organs are present in the 
more highly -developed MoUusca, as 
two or four lobes placed near the 
mouth, the above-mentioned buccal 
lobes ; in addition to which, tenta- 
cles round the edge of the mantle 
are often found in the Acepluda, 

' and in the GepJmlophora two or 
four 1 ‘etractile tentacles on the 
head. The eyes have almost always 
a complicated structure, and are 
provided with lens, iris, choroid, 
and retina. There are usually 
two of them on the head ; in mre 
cases — 6.y., in some Tjamellibianchs 
— they are more numerous, and are 
placed on the edge of the mantle. 

Auditory organs are very geneiully 
present. They have the form of 
closed otocysts, pi-ovided with hairs 
on their internal walls. They are 
usually paired, and lie either on 
the cerebral or pedal ganglia (fig. 

497, Ot), They are, however, al- 
ways innervated from the former. 

In the alimentary canal, three 
divisions, at least, can be clearly 
distinguished — the oesophagus, the stomach and intestine, and the 
hindgut or rectum. Of these the middle or digesting division 
(stomach and intestine) is usually characterized by the possession 
of a very extensive liver. Kidneys are always present, and are 
frequently paired and symmetrical in each half of the Ixxly. Often, 
however — principally when the body is asymmetrical — the* kidney 
of one side is smaller {Patella^ Haliotis) or is entirely absent {Gastro- 



Fig. -10(5.— Nervous syslom of the pon I 
rouHsel Kebor). 0, mouth • 

A, auu»; A', Rills; P, foot; Se, labial 
palps ; Oy, cerebral RauRlion ; Vg, pedal 
ganglion; T//, splanchnic ganglion; Q, 
generative gland ; Or\ external opening 
of kidney; opening of generative 
gland. 
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podct)n They usually have the form of sacs with a wide lumen, 
and open on the one hand into the body cavity {jperuswtdial 
sinus), and on the other to the exterior by a lateral opening. 

In all probability the mol- 
luscan kidney is homologous 
^th an annelidan segmental 
organ. The internal, fiinnel- 
sliaped opening is frequently 
beset with cilia. The anus 
is very often removed from 
the middle line, and placed 
on one side of the body. 

A compact heart is always 
present, driving the blood 
through the vessels into the 
organs. The vascular system 
LK never completely closed, 
for, even when the arteries 
and veins are connected by 
capillaries, blood sinuses, de- 
rived from the body cavity, 
are inseried into the course 
of the vessels. The heart is 
always arterial — /.c., systemic 

and receives arterial blood 

from the respiratory organs. 

Bespiration is in all cases 
cai'ried on through the 
general outer sui-face of the 
body ; but in addition special 
respiratory organs, in the 
form of branchiw, more 
i-arely of lu7igs, are present. 
The bi*anchife are ciliated 

projections of the body sur- 
FiG. 407. — Nervous system of CamtUrria (after i; i 

Haller). cerebral granKiion; Py, pedal face, and are usually placed 
gangriion; p/y, pleural ganglions Bg, buccal b 0 fcween the mantle and the 
ganglion; suT^raintestinal ganglion; i it 

subiutostinal ganglion; 7y, visceral ganglion; foot; they may have the 
Of.otocj'st. fopjn of branched append- 

ages, or of broad lamellae (JLameUihraiiohiutu)* The lung, on the 
other hand, is derived from the mantle cavity, w'hich is filled with 
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air, and the inner surface of which is thrown into a number of 
complicated folds, so as to expose a large surface for the respiratoiy 
blood-vessels; it communicates by an opening with the external 
medium. The pulmonary and branchial cavities are, therefore, mor- 
phologically equivalent. 

Beproduotion is always sexual. The herniajihrodite condition, 
on the whole, preponderates; nevertheless, not only many marine 
Gastropods, but also most Lamellibranchs and all Cephalopods are 
dioecious. 

Development usually begins with a total segmentation, which is 
followed by ^he foi-mation of a blastoderm surrounding the hinder 
part of the yolk or the whole yolk. The just hatched young often 
pass through a complicated metamorphosis, and possess an anterior 
cutaneous expansion bordei*ed with cilm — the velum — which func- 
tions as a lot‘omotory .organ. In form, disposition of cilia and 
organisation, maiu' molluscan larva? permit of a closer comparison 
with Lovdn’s worm larva. 

By far the majority of the Mollusca are aquatic animals, especially 
marine; only a few live on land, and these always seek damp 
localities. When we consider the extraordinarily wide distribution 
of the Mollusca in past times, the importance of their fossil remains 
for the determination of the age of the sedimentary fonnations 
becomes intelligible. 

Class 1.— LAMELLIBRANCHIATA.* 

iMtendly compressed MoUusat without separated head, with hilohed 
mantle ami bivalve shell, composed of a riyht and left half ami 
connected by a dorsally placed lirjament ; loith larye gill plates ; sexes 
'usually sejjarate. 

The Lamellibranchs were formerly united with the Bradhiopoda 
as Conchifera. Like the latter, they lack a* differentiated cephalic 
region, and possess a large and usually bilobed mantle and a 
bivalve shell. Nevertheless, the structural differences between these 

* (h Cuvier, “L’ histoire ct rajiatomie des Mnllusques.” Paris, 1817. 

Bojanus, “Ueber die Athern- und Krcislaufswerkzeuge der zweischaligen 
Muscheln.” Isis, 1817, 1820, 1827. 

S. IjOV^h, A", f et. Akad. Handlgr. Stockholm, 1848. Translated in the 
A veil. fUr Nuturgesch .,184 0. 

Lacaze-Duthiers, Ann. des Sc. Nat., 1854 — 1881. 

H, and A, Adams, “ The Genera of the Eecent Mollusca.” London, 1853- 

1858. 

T-. Beeve, “ Conchologia iconica.” London, 184G-1858. 
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two groups are so essential, that a close connection between them 
cannot be maintained. 

The usually strictly symmetrical body is latei-ally compressed and 
of considerable extent, and is surrounded by two lateral mantle 
lobes, which are continuous across the dorsal middle line and secrete 
a right and left shell valve. To the sides of the mouth opening 
are found two pairs of leaf- or tentacle-like buccal lobes — the labial 
palps. On the ventral surface a large, usually hatchet-shaped foot 
(fig. 498, F) projects; and two pairs, rarely one pair, of large 
lamellar gills are always placed in the mantle furrow between the 
mttntle and foot (fig. 498, A’’). 



Fig. 498.— -Anatomy of Unio picfarum (tifter C. Grobben). T'-S', anterior adductor miisclo; 
JIS, posterior adductor muscle ; MS^ labial palp ; F; foot ; 3ft, Mantle ; JT, branchiec ; 
Cff, cerebral ganglion ; Py, pedal ganglion ; Mg, splanchnic ganglion ; O, mouth ; 
31, stomach ; L, liver ; KrS, crystalline style ; D, intestine ; Af, anus ; Q, generative 
organs ; A, region of mantle lobes bounding the exhalent or cloacal orifice ; B, region 
of ditto bounding inhalent or branchial orifice ; kidney ; T’'*, auricle ; Hk, ventricle ; 
VA, anterior aorta; MA, posterior aorta; P, ])ericaTdial gland (schematic). 

The hind end of the edges of each mantle lobe almost always 
presents two slight, contiguous excavations (fig. 498, A and A), the 
ventral of which is bordered by numerous papillae. When the 
two halves of the mantle are above together, these excavations 
form, with the corresponding structures of the opposite sicle, tw’o 
slit-like openings, placed one behind the other. The upper or 
dorsal of these two openings functions as the cloacal, or exhalent 
opening; the lower or ventral as the inhalent opening. Through 
the latter, with a slightly gaping shell, the water is driven by 
the peculiar arrangement and action of the cilia on the inner 
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suxface of tho mantle and the gills into the mantle and reepira- 
tory chamber. Food materials pass with the water to the labial 
palps, and so to the mouth. The edges of the mantle lobes do 
not always remain free through thteir whole extent, but frequently 
fuse together, first at the hind end, and then gradually forwards. 
As a result of this fusion, a posterior opening, including in 
itself the inhalent and exhalent orifices, becomes separated from 
the anterior opening into the mantle cavity; and, further, the 
exhalent and inhalent openings become separated from each 
other by a transverse bridge of tissue. The long anterior opening 
or foot-cl^fty in consequence of the progressive fusion of the mantle 
edges, often becomes gradually so shortened, that the foot, which 
is correspondingly reduced, can 

scarcely be protruded. In this ti ^ 

case, the mantle comes to have 

the form of a saccular investment ^ 

with two openings. The fuHher 

forward the fusion of the two "Tr 

mantle lobes proceeds, the more p 

marked becomes a peculiar elonga- 

tion of the posterior mantle region y 

round the inhalent and exhalent 

openings — ^an elongation of such a ) 

nature that two contractile tubes, 
or siphons, become formed (fig. 

Af\f\ \ mi 1 1 ViG. 4IB0.—a, Mavtra elUptiea. ainmal with 

499, ft). The latter may reach ghell; KIS, cloacal or exhalent siphon 
such a size that they no longer branchial or inhalent Hijihon ; P, foot. 

, , , , . i, left valve of toUda-, anterior 

be drawn between the posterior adductor muscle ; Jif//, posterior adductor 
edsfes of the srapinir valves of j^auscle ; pallial line ; Jlf6, pallial 

1 11 rr.1 ? . 1 1.. indentation. 

the shell. The two siphons often 

fuse with one another; but the two canals, with their openings 
surrounded by tentacles, remain separate. In the most extreme 
cases the siphons are enormously enlarged, and the posterior region 
of the body is peculiarly elongated and uncovered by the rudimen- 
tary shell; so that the whole animal acquires a vermiform appear- 
ance, the shell-bearing anterior region of the body constituting the 
head {TeredOf fig, 505). 

The mantle and skin consist of a cellular, slimy epidermis, beneath 
which lies a connective tissue, richly traversed by muscular fibres. 
The epidermis on the outer surface of the mantle consists of columnar 
cells ; while on the inner surface of the mantle the cells composing 

VOL. II. 2 
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it are ciliated. Figmentj:} are present principally upon the edges of 
the mantle, which are frequently folded or beset by papillee and 
tentacles. 

The outer suiface of the mantle secretes a strong calcareous shell, 
which is constituted of two valves corresponding to the two mantle 
lobes. The two valves are united dorsally. They are rarely eicactly 
alike. Nevertheless, the term unequivalve is only applied to those 
shells in which the asymmetry is very marked, and the valves can be 
distinguished as upper and lower. The lower valve is the larger and 
more arched, while the upper is smaller and flatter, closing up the 
cavity of the lower after the manner of an operculum. The edges of 
the two valves ai-e generally closely applied to one another, still they 
may gape more or less widely at various points for the exit of the foot, 

byssus and siphons. The 
latter is especially the 
case for those Molluscs 
which bore in sand, 
wood, or hard rock. In 
extreme cases the shell 
may, by a wide anterior 
eniargination and an 
extended docking of its 
posterior part, be re- 



duced to an annular ru- 

Fig. 600 . — the valven aro Bliifted over dillieilt while 

one another; if, muscle impresBion. hinder end is 


applied a calcareous tube, which may intimately fuse with the shell 
rudiments and raceive the latter entirely into itself {Asjieryillmn), 
The two valves of the shell ai-e always connec;ted dorsally by an 
external or internal ligament, which tends to keep the valves open. 
The two shell valves ai*e also firmly connected together dorsally by 
interlocking teeth, which constitute the so-called hinge {cardo). 
The hinge edge with the ligament is therefoi*e to be distinguished 
from the free edge of the shell, w'hich is divided into an anterior^ 
inferior (ventral), and posterior or siphonal edge. The anterior 
and posterioi* edge may generally be easily determined by the position 
of the hinge-ligament with regard to the two umhmiea {nates), which 
have the foim of two prominencies pi*ojecting over the dorsal edge, 
and indicate the point {apex) whera the development of the valves 
began. Tlie area is behind the apex, and includes the dorsal 
posterior side of ^ the shell. The part of the dorsal edge in front of 
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the apex is usually shorter, and contains, at least in the equivalve 
species, an excavation, the limula, by means of which the anterior 
edge can be at once recognised. 

While the outer surface of the shell presents various sculpture 
markings, the inner surface is smooth and shines with the lustre of 
mother-of-pearl. On a closer examination, impressions and pits become 
visible on the inner surface. A narrow line, the so-called mantle or 
pallial line (the line of attachment of the mantle edge to the shell), is 
placed near and fairly parallel to the ventral edge of the shell (fig. 
499, Jf/). In the siphoned foi*ms this presents posteriorly a bend 
directed forwards and upwards {Mh)y the palUal hay, which is due to 
the siphons. Impressions are ^ 

usually caused by the inser- Cic 
tion of an snterior and pos- 
terior adductor muscle 'which 
pass through the body of the 
animal transversely from 

one side to the other, and ^ 

are attached to the inner 
sui*face of the shell (fig. 

499, HM, VM). While in 
the equivalve mussels {Or- 
thoconcha) the two impres- 
sions are usually of equal 
size, in the unequivalve 
fonus {Plenroco'ncha) the 

anteiioi* adductoi* is re- i v i, 

Fuj. 601 .— Vertical Bection throuprli the shell and 

dliced, and may completely mantle of Awtdonta (after Leydig). Cut cuticle ; 
vanfah, th= p«l«ior «i. TS 

ductor, on the other hand, connective tissue substance : Ejj", internal epi- 
I » I , thclium of mantle, 

now a muscle of much larger 

size, shifts foi-ward to the middle of the shell (fig. 500). Hence 
the names Dimyaria and Monomyaria. According to its chemical 
composition, the shell consists of carlK)nate of lime and an organic 
matrix (conchyoliii), which usually presents a laminated texture. 
In addition to this laminated layer thei*e is also a thi(!k external 
calcareous layer, composed of large, pallisade-like prisms, which 
are placed side by side and may be compired to the enamel of 
teeth (fig. 501, S), Finally, on the outer siirfac^e of the shell there 
is a homy cuticle, the so-called epidermis {Cti). The internal lami- 
nated layer is secreted by the whole internal surface of the mantle, 
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while the two outer layers are foimed only by the free edge of the 
mantle. The growth of the shell is effected in two ways ; (1) by 
additions to the inteinal laminated layer, whereby the shell increases 
in thickness; (2) by additions to the prismatic and homy layers, 
whereby it increases in superficial extent. Accordingly the outer 
coloured part of the shell, which is composed of vertical prisms and a 
homy cuticle, when once formed cannot increase in thickness ; while 
new concentric layers are constantly being added to the internal 
colourless mother-of-pearl layer during the whole life of the animal. 
The mantle-secretion gives rise in the so-called pearl-mussel (Meleor 
grina, Unio margaritifer)^ to the formation of pearls. 

The foot is completely absent in comparatively few of the Lanielli- 
hranchiatay and only in those which have lost the power of locomotion 
{Ostrea, Anomia). In many forms, piincipally in the larva ( Unio)f less 
frequently in the adult (MytUm), the foot possesses a byssus gland, 
which secretes silk-like fibres, by which a temporary or permanent 
attachment of the animal is effected. The form arid size of the foot 
vary veiy considerably, according to the special kind of locomotion. 
The foot is most frequently used foi* creeping in sand, and then is 
hatchet-shaped; in other cases it is spimd out laterally and its 
creeping surface has the form of a disc. More rai^ely it is of a large 
size and bent, in which case it seiwes for spiinging movements in the 
water {Cardium). Some Lamellibmnchs possess a linear club-sliaped 
or cylindrical foot {Solen, Soleiwmya), and move by rapidly retracting 
the foot and ejetiting water though the siphons. Many use the foot 
for burying themselves in mud ; othei*s bore into wood (Teredo) or 
hard I’ock (Pholas, LitJiodo'utm, ISaximvay etc.), foi* which purpose 
they push themselves against the rock >vith their short blunt foot 
(FkolaSy Teredo), and use the hai*d and often finely serrated edge of 
their shell as a grater, giving it a rotatory movement. According to 
Hancock, the foot and edge of the mantle at the anterior end of the 
gaping shell are beset with siliceous ciystals, and effect the excava- 
tion of the rock after the manner of a file. 

The nervous system pi-esents three paiivs of ganglia, the cerebml, 
pedal, and visceral ganglia. The visceral ganglia are connected 
with the cei*ebral by a longer or shorter commissure on each side 
(figs. 496 and 498). Since there is never a distinct head, and sense 
organs do not appear on the anterior region of the body, the brain 
(cerebral ganglia) is proportionately little developed. Its neiwes 
supply mainly the region round the mouth and the mantle, to which 
two lai’ge nerves are often distiibuted. The two halves of the brain 
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are frequently (Unto) far removed from one another laterally, and are 
approximated to the anteriorly placed pedal ganglia (Pecten), whose 
nerves are distributed on the ventral side of the body in the foot. 
The large viscered ^arnglia aie placed on the ventral side of the 
posterior adductor muscle, and supply nerves pai-tly to the gills and 
partly to the viscera and to the mantle; the latter are two large 
trunks which run in the edge of the mantle and anastomose with the 
mantle nerves from the brain, often forming plexuses. Large neiwes 
also pass off from the visceral ganglia to the siphons, at the Vmse 
of which they form an accessoiy pair of ganglia. 

Sense org^s. — ^Auditory organs, eyes, and tactile organs are 
pi'esent. The foimer have the form of paiied auditory vesicles, and 
lie beneath the cesophagus attached to the pedal ganglia (their 
nerve, however, arises from the brain) ; they ai-e characteidsed by the 
large hair cells which line the wall of the vesicle. Eyes may either 
be simple pigment spots at the end of the respmatory tube (JS'olen, 
Venus), or be much more highly developed and placed on the edge 
of the mantle of Area, Peetu'iwidus, TeUina, and especially of Pecten 
and Spotidylus, In the latter genera they are placed on stalks 
between the marginal tentacles, and have an emerald gi*een or 
brown red colour ; they consist of an eye-bulb with a comeal lens, 
choroid, iris, and a well-developed layer of rods into which the optic 
nerve passes. The sense of touch is provided for by the labial palps, 
the edges of the I'espiratory apeituras (siphons) with their papilla* and 
cirri, and also the often numeraus tentjicles at the edge of the 
mantle (lAnm, Pecten), In all prabability the hair cells found in 
the mantle are the seat of a specnal olfactory sense (tracking sense). 

The digestive organs begin with the mouth, which is placed 
between the labial palps (fig. 498). The mouth leads into a short 
(esophagus, into which the cilki of the labial palps diive small 
nutrient particles received into the mantle cavity with the water. 
Jaws and tongue are always absent. The (esophagus widens into a 
spherical stomfmh, at the pyloric end of which a blind sjic, which 
can be closed up, is attacdied. A ixKl-like transparent stnicture 
(crystaUine style) is often found either in the above-mentioned blind 
diverticulum of the fftomach, or in the aliiuentaiy canal itself. It is 
to be regarded as an excretion-product of the alimentaiy epithelium, 
and is periodically renewed. The intestine always attains a con- 
siderable length, is much coiled and is surrounded by the liver and 
generative glatids ; it projects into the foot and then ascends again 
behind the stomach to the dorsal sui-face ; it then traverses the 
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ventricle of the heart, passes over (dorsal to) the posterior adductor 
musde to open at the hind end of the body into the mantle cavity 
at the &nd of a projecting papilla. 

The circulation is effected by an arteiial heart, which is enclosed 
in a pericardium and lies in the dorsal middle line slightly in fi'ont 
of the posterior adductor muscle. The heart consists of a median 
ventricle, which is perfomted by the alimentaiy canal, and of two 
lateral auricles, through which the blood enters the ventricle. The 
ventricle of the heart of Area is peculiar in being double; the efferent 
aortae, however, unite to form an unpaired vessel. The ramifications 
of the anterior and posterior aorta lead the blood into a compli- 
cated system of lacunae in the mantle and in the intei'spaces 
between the viscera. These, which coincide with the body cavity, 
represent the capillaries and finer venous vessels ; while, by some 
observers, they have been regarded as a true capillaiy and venous 
system. The chief venous sinuses are two Latei-al sinuses placed .*it 
the base of the gills, and a median siniis into which the lacunte of 
the foot lead. Fi'om these part of the blood pSKses direct into the 
gills; the main part, however, fii*st passes through a network of 
canals in the walls of the kidney or organ of Bojanus, as through a 
kind of portal cumulation, and thence into the gills, whence it is 
returned as arterial blood to the auricles of the heail;. Watei is 
said to enter the circulation -thi’ough openings in the foot and to 
become mixed with the blood. Nevertheless the erectile netwoiks of 
the foot are blood-lacunae. 

Organs of respiration. — ^There ai*e usually two pairs of branchial 
leaflets (gills), which begin behind tlie labial palps and pass back- 
wards along the sides of the body. The outer surfaces and the 
interlamellar water-spaces of these branchial leaflets are covei-ed 
with cilia, which keep up a wiitinuous flow of water over the gills. 
The outer gill, viz., that lying next the mantle, is usually con- 
siderably the smaller of the two. It is often (miiipletely absent, so 
that the number of the gills is induced to a single pair. Sometimes 
tlie gills of the two sides fuse with one another across the middle line 
in the posterior region, and may in extreme cases represent a sack, 
like the branchial sack of the Ascidians (Clavagella), 

The most important of the excretory organs — the organ of 
Bojanus, so-called after its discoverer — is a paired, glandular sac 
with folded walls, and of an elongated oval form, whose cavity 
communicates with the pericardium (fig. 498). The substance of 
this gland, which functions as kidney, is composed of a yellow or 
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brown spongy tissue, which is covered with a closely ciliated layer 
of cells, from which concrements containing calcareous matter and 
uric acid (also giumin) are excreted. The simple duct often receives 
the duct of the genemtive apparatus, or the two organs open 
together on a common papilla on either side. In the Siphoniatay on 
the other hand, the renal and generative openings are almost always 
separate. 

Generative organs. — The Lamellibiunchs are, with a few 
exceptions (the genera, CycUis, GlavcigeVa, Pomdora), 

dioecious. Both kinds of sexual organs lie amongst the viscera, and 
have the form of lobed or racemose glands, which are placed near the 
liver, surround the windings of the intestine, and extend inio the 
base of the foot. The testis and ovary can usually be distinguished 
from one another with the unaided eye by their colour ; the ovary 
being red in consequence of the colour of the ova; the sperm, on 
the contrary, is milk-white or yellow. The openings of the ducts 
are placed right and left near the base of the foot. The form, 
’position and opening nre exactly the siime in the hermaphrodite 
glands, in which the male and female follicles may be separate and 
open separately {Fa/ndora) or together (Fectm^ Ckwagella, Cyclas ) ; 
or the same follicles may function sometimes as ovary and sometimes 
as testis (Oatrea, Cardima norwegicum). In the diooious forms, 
the male and female animals may differ in the shape of the shell, as 
is the case in the fresh water Unionidce, Here the outer gills of the 
female are used for the reception of the eggs (brood pouch), and 
the shell is more arched. Hermaphrodite individuals are met with 
among the freshwater mussels, both in Unio and in Anodonta. 
The fei*tilization of the eggs is probably usually effected in the 
mantle or branchial cavity of the female. 

But few Lamellibranchs are vivipaious. The fertilized eggs, 
however, almost always remain for some time between the valves of 
the shell, oi* pass into the branchial leadets, where they undergo the 
early processes of embiyonic devejopment under the protection of 
the mother. This care of the brooil is especially conspicuous 
in the freshwater foims; in the IJrmmidm the eggs pass into the 
great longitudinal canal of the external gill, whence they are dis- 
tributed into the gill spaces, which become enormously widened and 
modified into peculiar brood-pouches. In the emptying of these 
brood-pouches the contents ai'e expelled thnaigh the great longitu- 
dinal canal as a mass of eggs, united togethei* by mucus and con- 
taining ciliated embryos, or as a continuous string of eggs. 
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The development* of the embryo is introduced by an unequal 
segmentation. The segments arrange themselves in the form of a 
blastosphere, on which the archenteron often arises by invagination,, 
while the mesoderm is developed from two cells which are early 



Fio. 602.— Stages in the development of the larva of 2Vm2o (after 13. Hatsohek). f/, optica 
median'section of an embryo with two mesoderm cells (3fii) and two entoderm cells 
JECf ectoderm cells, b. Ciliated embryo with mouth (O), stomach, intestine, and shell 
gland (8dr) j 8, shell. — e, Later stage; apical plate ; anal invagination. 



d. Larva of Teredo, O, mouth; A, anus; Pnr, prceoral 
ciliated ring ; Poip, postoral ciliated ring ; iV, pronephros ; 
Ot, otocyst ; P^, pedal ganglion : ilfr, mesoderm cells. 


separated. The first 
trfice of the endoderni 
also may have the form 
of two cells (fig. 502). 
Tlie embryo, which i.s 
partially ciliated and 
often rotates within 
the egg membranes,, 
soon acquires a ciliated 
velum M.nd shell gland. 
The nervous system, 
otocysts, and foot are 
not differentiated till 

* Vide especially Lovdn, 
“ Bidrag till Kannedomen 
om Utvecklingen af Mol- 
liisca Acephala Lamelli- 
branebiata.” Stockholm, 
1848. 


Flemming, “ Studien iiber die Entwickelungsgeschichte der Najadeii.” 
SUzvngnbei*. der K, Akad, der M^insemch, Vienna, 1875. 

CotI Kabl, “ Uober die Entwickelungsgeschichte der Malermuschel.” Jena, 
1876. 


B. Hatschek, “ Uebei’ die Entwick-gesch. von Teredo.” Arheiten am deiit 
zoel. Institute, etc.^ Tom. III. Vienna, 1881. 
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afterwards; while the heart, kidney, and gills are still later in 
iTfip-lring their appearance. Among the provisional arrangements the- 
velum, which proceeds from the sides of the prseoral ciliated ring, is 
very generally present, ^-nd in the free-swimming larvae has the form 
of a large ciliated ring or collar. 

The development of the freshwater forms {Cyclas, Unio, Anodonta), 
in which the eggs and embryos are contained in well-protected 
brood pouches, may generally be called direct. The marine Lamelli- 
branchs, on the other hand, are bom at au early stage, and swim 
about for a long time as larvae with large umbrella-like velum, from 
which the labial palps are developed (fig. 503). 

The I^mellibranchs .are for the most pait marine and live at 
difierent depths, sometimes creeping, sometime^ swimming and 
jumping. Many are without the power 
of changing their position, inasmuch 
as they fix themselves at an e^irly age 
by means of the byssus threads to 
rocks and stones (oysters). Others, 
as the boring forms, bore passages in 
the wood of ships and piles and in 
rocks. 

The Lamellibranchs had a wide dis- 
tribution in the earlier periods of the 
eartli^s history, and their fossil shells 
are most excellently preserved ; they 

_ . Fio. 60S.— Larva of Mmitaeutu bidmtata 

are therefore of the greatest imiK)i*t- (after Lov^n). s. velum ; apical 

ance as characteristic fo.^sils for the flagellum; n, mtestiue; 

L, liver ; SM^ anterior adductor mus- 
determination of the age of formations, cie ; jv, foot. 

1 .— ASIPHONIA. 

Mantle without siphons. Pallia! impression simple. 

Fam. OitreidsB. Oysters. Shell valves unequal, laminated, with weak hinge 
usually without teeth, and simple central adductor muscle. In the true oysters 
the more arched left valve is firmly attached, while the right and upper valve, 
... which is fastened by aii iiitemal ligament, lies as an operculum on the lower 
^,valve. Mantle completely split and fringed at the edge ; gill lamellae, on the 
cdtoary, partially fused on their outer edge. Foot absent or rudimentary. 
TheyN^ally live together, like colonies, in the warmer seas, where they may 
form bamiAof considerable extent (oyster banks). They were also repi*eseuted 
in earlier times, especially in the Jura and in the Chalk. Ontrea tdnlh L., 
oyster, on the coasts of Europe on rocky ground ; probably includes a series of 
difierent species according to the locality. According to Davaine, the oysters 
are said to produce only male sexual products towards the end of the first year,. 
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And it is only later, from the third year onwards, that they become females 
and pinduce ova. Moebius, on the contrary, asserts that the sperm is the later 
formed, and not until after the pregnant be^t has got rid of her eggs. The re- 
production takes place especially in the months of June and July, at which 
time, in spite of their extraordinary fertility, the oysters must net be gathered. 
O, crista gain Chemn., in the Indian Ocean. Ammia ephippium L. Placuna 
placenta L. 

Fam. PeotinidflB. vSoollops. Shell equivalved or unequivalved, but tolerably 
equisided, with straight hinge line ; often with fan-shaped ribs and bands, with 
single adductor muscle. The free and completely split mantle edges bear 
numerous tentacles, and often emerald green eyes in great number. The small 
foot often secretes byssus fibres for attachment. Some are attached by their 
.arched shell valve {Spondylus'), others swim about by rapidly of)ening and 
closing the shell (^Pecten). Many are edible and are even more esteemed than 



Fie. nlulin animal). O, month ; ,S', labial jjalps ; J®, foot ; 2?, byssus 

secretion ; Br, ^lls | M, thickened ed^e of mantle. 

the oysters. Pvetvn Jaathcevs L., P. vmjrhnns L., P. varim L. Mediterranean. 
JSpoudylus yar.deropm L. Lima sqnanwsa Lam. 

Fam. Aviculidn. With oblique unequivalved shell of laminated texture and 
inner mother-of-pearl layer. They possess two adductor muscles, of which, 
however, the anterior is very small. Mantle completely open. Foot small, 
.secreting byssus. Avicnla hirvndo L., Gulf of I’arent. Mdcagrina margari- 
t if era L., pearl mussel, inhabits especially the Indian and l^ersian Oceans, and 
also the Gulf of Mexico. Secretes pearls.* The internal layer of the shell is used 
in commerce as mother-of-pearl, Mallcns rtflgaris, Lam., Indian Ocean. 

Fam. KytilidflB (fig. 504). Mussels. Shell equivalved, covered with 
thick epidermis, with large posterior and small anterior muscle impressions. 
The tongue- shaped foot fastens itself by the byssus fibres which it seci’etes. 
Mantle more or less free except a short si phonal opening fringed at the edge. 
Pinna squamesa Gm., Mediterranean. Mytilus eduUs L., edible mussel of the 
North Sea and Baltic (fig. 604). Lithvdomus dactylm Sow., in the Mcditer- 


cf Moebius, Die echten Perlen, etc.” Hamburg, 1857. 
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ranean (Temple of Serapis at Pozauoli). Bre^Hem polymorphs Fall., has 
gradually extended over many freshwater systems of Germany. 

Fam. AroaoesB (Archemuscheln). Shell thick, equivalved with well- 
developed hinge, and covered by hairy epidermis. The two adductors form 
two equally large anterior and posterior muscle impressions. Area Noa L., 
Mediterranean. Pecttmovlus pilotm L., Mediterranean. 

The Trigoniadsa (Trigoniaoea) are allied here. Trigonia lycotlnata Lam. 

Fam. UnionidaB (Kigadei), Freshwater Mussels. With long equivalved but 
not equisided shells, which are covered externally by a strong smooth usually 
brown epidermis, and internally by a mother-of-pearl layer. One of the 
muscle impressions is divided. Foot with cutting edge ; gills fused behind the 
foot. The outer gill plates also function as brood-pouches for the developing 
eggs. They live in standing or running water. 

Anodonta cygnea Lam., in ponds. A. atvatbia L., more in rivers and brooks. 
Uuio pictorum li., (Malermuschel). Unio twmdvo Retz., hataeua Lam. Mar^ 
garitatia margaritifera Retz. (Flussperlmuschel), in mountain streams of 
South Germany, especially in Bavaria, Saxony, and Bohemia. 

II.~SIPHOiriATA. 

Part of the mantle edges fused, with elongated tubular siphons. 

Fam. ChamideB (Ghamacea) (Gienmuscheln). Shell unequi valve, with 
strongly developed cardinal teeth and simple pallial line. The mantle edge fused, 
excej^t at three points, viz., the opening for the foot, the dorsal (cloacal) and 
ventral (inhalent) siphons. Cliama Lazarus Lam. 

The TridaonidBB are closely related to the above. TrUlacna gigas L. 
jyopus maculatm I^am. Indian Ocean. 

Fam. CardiidflB (Cardiaoea) (Cockles. Shell equivalve, fairly thick, heart- 
shaped and arched, with large incurved nmbones, externariigament, and strong 
hinge formed of several teeth. Siphons sliort. Foot powerful and bent elbow - 
like, serves for swimming ; passes out through anterior slit. CarMum tid'ule L., 
North Sea and Mediterranean. Hemicardmm cardhsa L., East Indies. 

Fam. LucinidsB (Lucinacea). Shell circular, free, cb)sed, with one or two 
cardinal teeth, and a second quite rudimentary lateral tooth. Pallial line 
simple. Mantle o])en in front, prolonged behind into one or two siphons, 
Lnvma lactea Lam. Mediterranean. 

Fam. CycladidsB.^ Shell equivalve, free, swollen, with external ligament and 
thick horny epidermis. Mantle with two (rarely one) more or less fused 
siphons. Live in fresh water. Cyvlascoritea L., Pisidinm Pf. Qorhwuhi Mdhlf. 

Fam. Cyprinidae. Shell regular, equivalve, elongated to an oval, closed, with 
thick and strong epidermis. One to three principal cardinal teeth, and usually a 
hinder lateral tooth. Pallial line simple. Mantle edges fused to form two 
siphonal openings. Cyprina Islandlca Lam., Isocardia cor L. Mediterranean. 

Fam. VeneridsB. Shell regularly round, or oblong with three diverging car- 
dinal teeth on each valve. Pallial line bent in. Siphons of unequal size, fused 
at the base. Vvnns verrucosa L., Mediterranean. Vythena Chiom L., edible, 
Mediterranean. C. Dwar L., Atlantic Ocean. 

Fam. KaetridsB (Fig. 499). Shell trigonal, equivalve, closed or slightly 

♦ Fr. Leydig, “Anatomic und Entwickelung vonCyclas.’’ Mailer's Archive 
1835. 
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gaping, with thick epidermis. Two diverging cardinal teeth. Pallial inde^ta^ 
tion short, rounded. Siphons fused, with fringed openings. Maotra itultormi 
L., Mediterranean. Lutrai'm Lam. 

Fam. TellinidsB. With two long, completely separated siphons; edges of 
mantle widely open, hearing tentacles. Triangular foot. Tdlma baltioa (hn. 
T, ra-diata L. Donax trumvlus L. 

Fam. Kyidss (Gapers). Mantle almost completely closed, with slit 
for the protrusion of the short or cylindrically elongated foot, and very long 
fleshy fused siphons. The valves gape at each end and possess 
a weak hinge. Bury themselves deep in mud and sand. SoleQi 
•mgiim I... razor shell. Mga trumata L. (Gaper). 

Fam. OastroohesnidsB (Tnbioolides). Shell thin, equivalve, 
toothless, sometimes inserted in a calcareous tube formed by 
an excretion of the mantle. Mantle with one small opening 
anteriorly and prolonged behind into two fused siphons 
with terminal o^jenings. GatttroolicDua oU/m L., Clavagella 
hacillariB Desh. Axpergillum jamnmn Lam., Indian Ocean. 

Fam. Pholadidas. Boring mussels. The valves of the two 
sides gaping ; without cardinal teeth and ligament, but 
with accessory calcareous pieces which lie either on the 
hinge (^Pltolas) or on the siphons (Jl'credo, fig. 606). Mantle 
with only small oijcning for the passage of the thick foot. 
Siphons elongated. Bury themselves in mud and sand, or 
bore into wood and even into solid stone, calcareous rocks 
and corals. "J’hey form passages, from which they protrude 
their fused siphons. Pholax dnatyhiB L. Piddock, Plu 
oraamta Ti. Teredo navalh hu (Fig. 606) Shipwoim, was 
the cause of the famous dam-break in Holland at the 
beginning of last century. 

SCAFHOFODA. 

Dicecious Mollmca vrithout head, eyes, or heart, 
with tridobed foot, amd tuhvdafir calcareous shell 
open at the two ends. 

xii*. WKJ. — UTeao rm T t IT 1 IT HM 

navaiw, removed The ScivphopocUl are allied to the Lamellibranchs. 
tui>T withS^g^ adiiiiluble investigations of Lacaze-Duthiers*^ 
ted siphons (after first cleared up this group of Molluscs, which were 
Quatrefages). ^ time known as Cirrohranchiata and 

grouped amongst the Gastropods. He showed that they are closely 
related to the Acephala, and constitute forms transitional between the 
latter and the Cejihalophora. 

The shell is an elongated, somewhat bent, open, conical (with the 
apex broken off) tube, and contains the animal, which has a similar 
shape and is fastened by a muscle to the thinner lower edge of the shell 

* Lacaze-Dutliiers, “Histoire de 1 ’organisation et dud^vclopixjment du Den- 
talc.” Ann. des Sc. Kat„ 186(»-1868. 
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(fig. 506). The body possesses a saccular mantle, like the shell open 
at both ends, and a trilobed foot ; the foot is protruded through the 
larger of the openings of the shell from the anterior opening of the 
mantle, the margin of which is thickened. A separated cephalic 
region is not present, but there is an egg-shaped projection in the 


mantle cavity, at the apex of which is placed 
the mouth, surrounded by eight leaf-like labial 
appendages. 

The buccal armature con- 
sists of a lateral (right and 
left) nidimentaiy jaw, and a 
tongue l)eset with five rows of 
plates. 

The alimentary canal is 

divided into a buccal cavity, 
oesophagus, stomach with large 
livei*, and an intestine, which 
after several coils closely 
pressed together, opens behind 
the foot into the middle of the 
mantle cavity. 

The circulatory organs are 
reduced to two mantle vessels 
and a complicated system of 
wall-less spaces of the body 
cavity. 

Respiration is effected by 
the surface of the mantle and 
also by the filiform tentacles, 
which arise from two lidges 
(cervicobl collar) behind the 
head-like buccal pi*olongation. 

The kidney lies i-ound the 
rectum, and opens by two openings placed on 
the right and left of the anus. 

The nervous system consists of three groups 
of ganglia, of which the pedal ganglion bears two otocysts. Eyes are 
absent. The numerous ciliated tentacles seive as tactile organs. 

The Scaphopoda are dioecious. The ovaries and testes ai*e un- 
paii'ed finger-shaped lobed glands, which are placed behind the liver 
and intestine, and open to the exterior with the right kidney. 



Fio. 606 . — Dentalium 
Tarentinum (after 
Lacaze- Dnthiers). 
Animal without 
shell from rif^ht 
side. P, foot: Mt, 
circular muscle of 
mantle; .Af.longi. 
tndinal muscle ; 
Pr, gills ; JV, kid- 
ney; L, liver; 
generative gland. 



Fig. 607. — Larva of Dpnta- 
linm (after Lacaze-Du- 
thiors). a, young larva 
with first rudiment of 
shell {8). b, Older larva 
seen from the dorsal sur- 
face ; T, tentacle collar ; 
Gg, cerebral ganglion ; 
(esophagus ; liver. 
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or aperture^ which leads into the last and usually largest turn of the 
spiral ; its lip {periatonia), Swollen in the adult animal, lies on the edge 
of the mantle. The spiral is twisted to the right or left round an 
axis which is directed from the apex to the aperture, and is indicated 
•either by a solid spindle {columella) or a hollow canal. When the 
tuins of the spiral are far removed from the axis, this canal may 
become an almost conical * space with a wide openmg {Solarium), 
The tums are usually closely applied to one another ; more rarely 
they are separated {Scalaria pretiosa). According to the position of 
the columella, a columella edge or inner lip and an outer edge or outer 
lip of the aperture may be distinguished. The latter may be entire 
{holo8tomatou8\ or broken by an excavation which is often prolonged 
into a canal {sipJwnoatomatov^), In many Gastropods an operculum 
is added; this is usually placed on the hind end of the foot, .and 
closes the shell aperture when the animal is retracted. Many terres- 
trial Gastropods secrete before the beginning (rf the winter sleep an 
operculum, which is thrown off again in the spring. 

The slimy integument consists of a superficial layer of cylindrical 
cells, which are frequently ciliated, and of a connective tissue dermis, 
which is inseparably connected with the dermal muscles. Cal- 
careous and pigment glands are placed in the integument ; they ai'e 
especially numerous at the edge of the shell, where they contribute to 
the growth and peculiar colouring of the shell. The shell, which is 
a cuticular stiaicture, is secreted by the epithelium, like other cuticular 
structures; it becomes hard when the calcareous salts which are 
mixed in the organic basis assume a hard and crystalline condition. 
The supei-ficial layer of the shell often i*emains uncalcified as a thin 
delicate epidermis, wliile the inner surface is thickened by mother-of- 
pearl layers (secreted by surfacie of mantle). The connection of the 
, animal to its shell is effected by a muscle, whicli on account, of its 
position on the spindle {columella), is called the spindle muscle. This 
muscle arises from the dorsal part of the foot, and is attached to 
the spindle at the beginning of the last turn of the spiral. 

The nervous system presents a gimt resemblance to that of the 
LameUibrariohiata, but there are many differences in detail. 

In. the Plaooplhora, whose nervous system presents close relations 
to that of Nemnenia and Chcetoderma, the ganglionic swellings are 
not marked (fig. 495). In all other cases the three typical groups 
of ganglia are present. * The cerebral ganglia (fig. 497, G y) are 

“ * The subjoined account of the nervous system is slightly modified from the 
German. — E d. 
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connected together by a transverse band, and each of them gives off 
a commissure to the pedal ganglia (P g\ and a second commissure to 
a pair of visceral ganglia {Plg\ The latter ganglia, which are 
known as the commiamral or plewral gangUaj are also connected with 
the pedal ganglia (fig. 497). There are thus two nervous com- 
nussures round the oesophagus — ^the direct cerebro-pedal, and the 
cerebro-pedal by way of the pleural or commissural ganglia. The 
pleural ganglia may lie directly on the cerebral or pedal ganglia. 



Fio. 610.— Nervous system of (diaprrnmmatio, after Sponsel). Cy, cerebral ^anf^lion ; 

Pgt pedal ; Pig, pleural {7an{];liou (commissural ganglion) ; Ag^ abdominal 

ganglion ; O and O', olfactory organs ; Pc, pedal cord ; S and S', lateral nerves ; Pr, 
gills. 6, Nervous system of LimiuBm (aftei Lacaze-Dutbiers). 

The pleural ganglia are part of the third typical group of ganglia, 
viz., the visceral group. They are connected with each other by a 
long commissure, the visceral commissure, which often extends into 
the hinder part of the body, and contains several ganglia in its 
course ; the latter ganglia, which also constitute part of the visceral 
group of ganglia, send off nerves to the sexual organs, kidney, heart, 
gills, olfactory organs, and mantle (fig. 497, Gsh, V g, G sp; fig. 510 
a, 0,0 , A g ; fig. 510 b, A g). 

The vi-sceral ganglionic system of (Gastropods is therefore broken 

VOL. n. a 
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up into several ganglia, and is connected with the pedal (by the 
pleuro-pedal commissure) as well as with the cerebral. 

In the Proaohrcmchiata the position of the visceral commissure, 
with its ganglia, and nerves pi^esents a peculiar condition {ChiaaUh 
neura) ; the commissure from the right pleural ganglion passes over 
(dorsal to) the alimentary canal to the left side, and here forms 
a ganglion — the mprainteatinal ganglion (fig. 497, Gap) — which 
supplies the left side, while the commissure from the left pleural 
ganglion passes under (ventral to) the alimentary canal to the right 
side, and there gives rise to a ganglion, the aubinteatinal ganglion^ 
which supplies the right side {vide also fig. 510 a). The part of the 
visceral commissure, which connects the supra- and sub-intestinal 
ganglia often contains one or more ganglia (Fg, A g). More rarely 
this crossing is less clearly mai'ked. The cerebral ganglia always 
give off a pair of nerves, one on each side of the oesophagus, to the 
hiLccal ganglia^ which give off nerves to the mouth and alimentary 
canal (fig. 497, B g\ 

Sense organs. — Eyes, auditory vesicles (otocysts), tactile and 
olfactory organs are present. 

The eyes are paired, and are usually placed at the end of stalks, 
which are as a rule fused with the tentacles. The eyes are largest 
and most developed in the Hettropoda>* in which group they are 
fastened in special transparent capsules and admit of a movement of 
the bulb. 

The two otocyata are ciliated internally, and are, except in the 
Heteropoda, connected with the pedal ganglion (fig. 497, 0 t\ 
although their nerve always arises in the brain. 

Tactile organs are represented by the tentacles, the edges of the 
lips which are often folded, and lobe-like prolongations which are 
found here and there on the head, mantle and foot. There are 
usually two tentacles ; t exceptionally they are absent {Pterotrachea^ 
etc.). They consist of simple contrjictile prolongations of the body 
wall, which can sometimes (P««^mo7ia^) be invaginated into the interior 
of the body. Certain peculiar hair cells, from which tufts of hairs 
project in the aquatic Molluscs, are to be looked upon as the seat of 
a special sensation. They are scattered over the whole surface of 
the body, and are especially aggregated upon the parts of the body 


* V. Henaen. “ Ueber das Auge einiger Cephalophoren.” ZeiUfUr wiss, Zool,^ 
Tom. XV., 18«6. 

t W. Flemming. “ Unterauchungen ubcr Sinnesepithelien der MoUuaken.” 
Aroh/fH/r, mih. Anatomies Tom. VL, 1870. 
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senriBg for the tactile sensation. The antennas of the terrestrial 
Gkustropods possess on their end-plates a great number of fine sensor 
cells (dubnahaped cells with rods, Flemming), which are placed between 
specially-modified epithelial cells, and probably function as olfactory 
organs. Eecently an organ, which was supposed to be a rudi- 
mentary gill and is innervated from the supraintestinal ganglion. 



Fig. 611.— Anatomy of Helix pomatia (after Cuvier). The mantle cavity is opened on the 
left side, and the mantle is turned over to the right. The body cavity has been opened 
and the viscera are unravelled. Cg, cerebral ganglion ; 8p, salivary gland ; stomach; 
2>, intestine ; X, liver ; A, anus ; hidney ; At, auricle ; C, ventricle ; FI, lung ; Zd, 
hermaphrodite gland, invested by the lobes of the liver; XcZ, albumen gland; 
prostate; Ut, uterus; Ft, receptaculum seminis; Dr, finger-shaped glands; Pm, dart 
sac ; P, penis ; FI, flagellum ; Mr, retractor muscle ; 8p, spindle muscle. 


has been recognised as a sense organ and explained as an o^faeiOTy * 
organ. 

In the Zeugobranchiata {Fiaaurella, HaMotia), two such organs are 
present, one on the right and the other on the left side, and are 
indicated by a considerable ganglion. 

The digestive organs rarely have a straight course ; they are 

* J. W. Spengel, Die Gerucbsorgane und das Nervensystem der Mollusken.” 
Zeitf&r.wias. ZooL, Tom. XXXV. 
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UBuallj much coiled, and as a rule bend forwards to open in front 
on the right side in the mantle cavity. The anus, however, is some- 
times on the dorsal surface behind. 

Many of the higher Gastropoda 
possess an invaginable proboscis, the 
invagination beginning at the base \ 
others possess one which is retractile 
from the point. The mouth is bounded 
by lips, and leads into a buccal cavity 
armed with hard masticating structures, 
and receiving the ducts of two salivary 
glands. The buccal cavity leads into 
the oesophagus, which is followed by a 
dilated stomach, usually provided with 
a csecal appendage. The stomach opens 
into an intestine, which is usually long 
and much. coiled, and surrounded by a 
very large, multi-lobed liver. The liver 
occupies nearly all the upper part (upper 
coils) of the visceral sac, and pours its 
secretion into the intestine and also 
into the so-called stomach (fig. 511). 
The arrangement of the digestive canal 
and of the liver presents in details many essential modifications ; one 
of the most remarkable is that offered by the intestine with its 
hepatic cseca of the Phlebenterata 
(fig. 512). The terminal portion of 
the intestine is distinguished by its 
size, and may be called the rectum. Oe^ 

The armature of the buccal 
cavity consists partly of jaws 
placed on the upper wall, partly of 
the so-called lingual ribbon {radu- 

la)f placed on a tongue-like pro- 613.— Longitudmal nection throngh the 

jection of the ventral surface of buccal maes of //^Ka? (after W.Keferstein). 
, , , , . , O, mouth ; Mk, buccal cavity ; 3f, muscles; 

the buccal cavity. radula; Z», lingual cartilage; Oe, 

The jaws consist either of a single oBBophagus; zy, jaws; z, sheath of 

curved homy plate, placed close 

behind the edge of the lip, or of two lateral pieces of very different 
form, between which, in some Pulmonates, there is an unpaired 
piece. There are no lower jaws ; but on the floor of the buccal 


Fio. 512. —Alimentary canal of 
JEolit pajnlloM (after Hancock). 
Am, buccal mass ; oesophagus; 
M, stomach, X, liver sacs, which 
enter the dorsal appendages; A, 
anus. 
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cavity tliere is a ridge, partly muscular and parily cartilaginous, 
which, from its resemblance to the tongue of the Vertebrate, has 
received the san^e name (fig. 513). The surface of this tongue is 
covered by a tough membrane, known as the lingual ribbon or radtday 
on which are arranged transverse rows of plates, teeth, and hooks 
of a characteristic form. Behind, the radula passes into a cylindrical 
pocket, the so-called radvla sheath (fig. 513 Z), which projects in a 
tubular manner from the lower (ventral and posterior) end of the 
buccal mass. The radula is secreted in the radula sheath. The 
size, number, and form of the plates and teeth on the surface of the 
radula vary in different forms, and afford important systematic 
characters for genera and families. 

In the transverse rows of plates — the so-called segments of the 
radula membrane — median^ intermediate^ and lateral plates may be 


a 


h 


Fia. 614.— a, A segment of the radula of Pterotrackea Le$ueurii (after Macdonald). 6, ditto 
of Neretina^uviaiUU (after B. Lov6n). 

distinguished (fig. 514 a, h), Troschel believed that natural divi- 
sions could be formed according to the special structure of the 
armature of the radula. But this one-sided systematic treatment 
requires many corrections, as has been especially shown in the case 
of the Tsenioglossa and Bhipidoglossa. 

The vascular system presents numerous and essential variations. 
The heart is enclosed in a special pericardium, and is usually placed on 
one side of the middle line near the respiratory organs (fig. 515). It 
usually consists of a conical ventricle, which gives off the aorta, and 
of an auricle which is turned towards the respiratory organs, and into 
which the blood passes by veins. In some Gastropods (Gastropods 
with two gills, Haliotis^ Turbo, Nerita, Fissurella, etc.), the heart 
resembles that of the Lamellibranchs, in that there are two auricles 
and the ventricle is pierced by the rectum. The aorta usually 
divides into two arteries, of which one passes forward and gives off 
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many branches to the' head and foot ; while the other passes dorsal^ 
wards to the viscera (fig. 515, Aa^ Ac), The arteries terminate by 
opening into blood spaces of the body cavity without special walls, 
from which the blood passes either through the branchial (pul- 
monary) arteries, or directly, without traversing intermediate vessels 
{ffeteropoda and many NvidihrartMata)^ to the respiratory organs, 
whence it is returned through branchial (pulmonary) veins to the 
auricle. The arrangements described as obtaining in the LameUi- 
hra/nMata^ by which water is able to enter the blood spaces and 
dilute the blood, are said to occur also in Gastropoda, 

In a small number of Gastropods only is respiration effected 



Fio. 616. — ^NervotiB system and oirculatory organs of Paludina vifApara (after Leydig). JP, 
tentacle ; 0«, cesophagus ; Cy, cerebral ganglion with eye ; Py, pedal ganglion with 
adjacent otocyst; Fy, visceral ganglion; P6y, pharyngeal ganglion; A, auricle of 
heart ; Fe, ventricle ; Aa, abdominal aorta ; Ac, cephalic aorta ; F, veins ; Fe, afferent 
vein ; Br, gill. 

exclusively through the general integument. By far the greater 
number breathe through gills, and many through lungs ; a few com- 
bine bi*anchial and pulmonary respiration. The gills are usually 
foliaceous or pennate cutaneous appendages, which are generally 
placed between the mantle and foot and enclosed by the mantle 
fold; in rare cases they are exposed and placed on the dorsal 
surface. The mantle cavity is therefore at the same time the 
respiratory cavity. 

The primitive arrangement of the gills appears to be that found 
in the Zcv/gohromMata^ in which there are two, one on each 
side; but, usually an asymmetrical development takes place, and 
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one gill only remains (fig. 516). The respiration of air is confined 
to some FroBohr<mohia^ and to the Puilmmata, In this case also 
the mantle cavity serves as the respiratory cavity, but it difiers from 
the branchial cavity by containing air, and possessing, inst^d of a 
gill, a rich network of blood-spaces and vessels on the inner surface 
of its roof. Both branchial and pulmonary cavities communicate by 
a long ifiit along the mantle edge or by a small round aperture, 
capable of being closed, with the external medium. Frequently, 
however, the edge of the mantle is prolonged into a long respiratory 
tube of variable length, which is analogous to the siphon of the 
LameUihram^iata, This siphon corresponds, as a rule, to a notch or 
canal of the shell {vide p. 32). 



Fio. 516.— Anatomy of Ca»»i9 eorwifa (after Quoy)). iP, proboscis; /W, siphon; Br, gill; 
Nk^ olfactory organ (formerly regarded as a rudimentary gill) ; Spd, salivary gland ; N, 
kidney ; P, penis. 

The structure of the respiratory organs has become of importance 
for the classification of the larger groups. According to the position 
of the respiratory organs, with regard to the heart and its auricle, 
two great divisions can, as Milne Edwards has pointed out, be 
established: (1) the 0pi8th<)hranchiatay in which the auricle and 
gills are placed behind the ventricle; (2) the Prosohranchiatay in 
which the auricle, with the branchial vein entering from the front, 
lies in front of the ventricle. As far as this character is concerned, 
the Heteropoda and most Pvhmnata are allied to the latter group ; 
but the Pyhrumatay in many features of their organization and in 
their hermaphroditism, stand closer to the Opisthohrcmchiata, 

The kidney (fig. 516) is the most important excretory organ of 




40 


MOLLUBOA. 


the CephitophuTa, It oorresponds in position and structure to the 
organ of Bojanus of Lamellibranchs. It is, however, usually un- 
paired, and lies near the heart as an elongated triangular sac, with 
spongy (rarely smooth) walls of a yellowish brown colour. The 
secretion of the gland consists mainly of hard concrements, which 
arise in the lining cells, and consist of uric acid, calcareous and 
ammoniacal salts. It opens near the anus into the mantle cavity, 
either immediately by a slit capable of being closed, or by a special 
excretory duct running with the rectum. 

The Gastropoda generally possess, in the roof of the respiratory 
cavity, a mwmis gla/nd, which often pours out an enormous quantity 
of its secretion through the mantle orifice. The purple gland 
{Purpura, Murex) lies in the roof of the mantle cavity, near, the 
rectum. It is a long, whitish -yellow glandular mass, the colourless 
secretion of which, according to the investigations of Lacaze-Duthier, 
quickly acquires, under the infiuence of sunlight, a red or violet 
colour. The secretion of this gland was known to the ancients, and 
prized by them on account of its permanence. The coloured fiuid, 
which is excreted from pores of the skin of many Opisthobranchs, 
e^,, Aplyda, must not be confounded with the genuine purple. 

Another gland, whose function is not accurately known, is the 
pedal gland of lAmax and Arion, It extends through the whole 
length of the foot, and consists of unicellular glands, the delicate 
ducts of which open into the band-shaped main duct. The latter 
opens to the exterior between the foot and the head. In many 
naked Pulmonates {Ariori) there is, in addition, a gland at the 
point of the tail, which secretes considerable quantities of mucus 
with great rapidity. 

Generative Organs. — Some of the Gastropoda are dioecious, some 
are hermaphrodite. The Pvlmcmata and Opiathobranchiata are her- 
maphrodite ; the Proaohranchiata are dioecious. Almost all Gastro- 
pods lay eggs, usually in strings. Only a few bear living young, 
which have developed from the fertilised eggs in the uterus. 

The female organs consist of an ovary, oviduct, albumen gland, 
uterus (dilated and glandular part of the oviduct), vagina, and 
receptaculum seminis. 

The male organs consist of a testis, a vas deferens with seminal 
vesicle, a ductus ejaculatorius, and external copulatory organs. 

The hermaphrodite forms are distinguished by the close connection 
of the male and female generative glands and their ducts ; for not 
only are the latter in direct communication with each other, 
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but the ovaries and testes are, with a few exceptions (iletoon, Jot 
united in one hermaphrodite gland, which is usually imbedded 
among the lobes of the liver. The ova and spermatozoa arise 
either in different but adjacent follicles of the lobed or branched 
hermaphrodite gland {Nudihranchiata\ the ovarian follicles being 
placed peripherally to the semeniferous follicles (jEoIU) or the 
epithelium of the same follicle produces in one part ova, in another 
part spermatozoa, not however usually at the same time, the maturity 
of the male element preceding that of the female (terrestrial snails). 
The efferent duct of the ZtF 

female is nearly always 

provided with a separated mM ^ 

albumen gland, and a re- 
ceptaculum8emini8(hg.517). rt 

In the HeUddos the vagina ^ // I 

beaie two tufts of finger- j| \ ff 

glandular tubes and a // | \ | 

peculiar sac — the dmi-Boc — || ^ ^ ^ 

ivhich produces in its interior U 3“^^ 

a dart-like calcareous rod. ^ fe 

The latter — the so-called nf 

love-dart — is attached to a \ 

papilla at the base of the /S| J \ 

sac; it is protruded during 

copulation, and seems to play ^ Jy 

the part of a stimulating ^ 

organ. It is usually broken Qo, /)i4 ^ ^ 

during use and is replaced Pia. 517.— Soxual organs of the Roman Snail (Helix 
later bv a new one. The pomatia). Zd, hermaphrodite gland; its dnct ; 

. . . Ed, albumen gland; Od, oviduct and seminal 

male generative opening is groove ; Fd, vas deferens ; P, protrusible penis ; 

alwftva in mnncction with n. flagellum; S», receptaculnm seminis; D. 

always m connection Wltn a finger-shaped gland; L, Spiculum amoris; Go, 

protrusible penis, and usually common genital opening. (After Baasen). 
opens with the female into a common lateral cloaca. 

The structure of the generative organs in the dioecious Ghtstropods 
resembles that of the hermaphrodite forms. A receptaculnm 
seminis and an albumen gland may be present in the female 
(Pahbdina). The ovaries and testes lie hidden among the lobes of 
the liver, and the sexual orifices are placed laterally. The males 
almost always possess a projecting penis, which is either perforated 
by the terminal part of the vas deferens {Btbccinum) or traversed by 
a furrow, at the base of which the sexual opening is placed. When 
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the penis is remote from the sexual opening, a ciliated furrow is 
present, which conducts the spermatozoa from the opening to the 
penis (MureXf Ddivm^ Strornhud). 

The embryonic’i^ development begix^ with an unequal segmenta- 
tion leading to the formation of a blastula or gastnila. Later the 
embryo acquires a ciliated velum, the first rudiment of the shell, foot, 
and primitive kidney, and rotates in the fiuid albumen of the egg 
by the vibrations of the cilia. 

The free development is either direct, the just-hatched anima 
possessing (excepting for the rudiments of larval organs) the form 
and organization of the adult {Pvlmonata\ or it takes place by a 
metamorphosis. Almost all marine Qmtropoda develop by meta- 



Fig. 518.— Some stages in the emhi^nnic develox>ment of Planovbi» (after C. Babl). a, 
optical section through a segmenting onim (24 segments). 2lk, polar bodies; Fh, 
segmentation cavity, b, stage with four mesoderm cells, viewed from the vegetative 
(lower) pole. Jll«, mesoderm cells ; Fn, endoderm ; Ec, ectoderm, e, Oblique optical 
longitudinal section through the stage with four mesodonn cells, d, Older embryo, in 
which the shell gland has shifted to the right. Sdr, shell gland ; S, shell ; O, mouth ; 
n, alimentaiy canal ; 22, commencing radula ; apical plate (thickening of praeoral 
lobe); Oe, eyes; Oi, otolith; F, primitive kidney; Ve, velum. 

morphosis, and the larvae possess two large ciliated sails (velum), which 
serve as locomotory organs in place of tlie still rudimentary foot. 
The shell, which is already present on the dorsal surface, is still small 
and flat with hardly any trace of the spiral twisting, and can usually 
be closed by an operculum which is attached to the foot. Very often 
a change of shell is effected, the old embryonic shell being thrown off 
and a new one formed in its place. 

* Of. especially. 

N. Bobi'etisky, Studien Uber die embryonale Entwickeluog der Gastropoden. ’* 
Ai'dhiv fur mik, Anat.t Tom XIII., 1876. 

O. Habl, Ueber die Eutwickeluug der Tellerschnecke.*' Morpk. Jahrb, 
Tom V. 

Also Fol, Biitschli, B. Lanktster, etc. 
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By far the majority of Gastropoda are marine ; the BasomnnaUh 
phora and some Froaohranchiata {Pal'odma, Vcdvata, Melania^ 
Keretma^ etc.) inhabit fresh-water. Many lAtUrrina, Cerithia, 
Mdama^ etc., live in brackish water. The Cydoatomidaif and the 
StyhTnmotophora among the Pulmonates, are tM’restrial. Farther, 
many branchiate Gastropods are able to live for some time out of 
water in dry {^aoes; in such circumstances they are withdrawn into 
their shells, the opening of which is closed by the operculum.. 
Almost all move by creeping ; some, however, as Stromhvs, jump ; 
others, as OHva and AndUaria, Bwim excellently by the aid of the 
lobes of their foot. Some marine forms^ as MagiltiSf Vermetua, etc., 
are fixed by their shells; a few only are parasitic, as Styli/er on 
sea-urchins and starfishes, JSntoconeha mirabilia in Synapta, 

The method of nutrition differs as much as the habitat. Many, 
especially the Siphonostomataf are voracious predatory animals, and 
prey on living animals ; some bianchiate Gastropods, as Murex and 
Natica, with this object bore into the shells of Molluscs; seveiul 
{StrombtLS, Bvxidnym) prefer dead animals. An equally large 
number, viz., almost all Fulmonates and holostomatous branchiate 
Gastropods, feed on plants. 

Order 1. — Prosobeanchiata.*' 

Dicedoua branchiate Gastropoda with didly and with gills in front of 
the heart. 

Behind the usually distinctly separated head lies the respiratory 
(mantle) cavity, into which the rectum, kidney, and oviduct open. 
In rare cases two gills are present, as a rule the right gill is absent. 
The branchial veins enter the heart from the front. Cerebral, pedal, 
pleural and visceral ganglia are present. The males are, as a rule, 
more slender, and are easily recognized by the large penis placed 
on the right side of the anterior part of the body. In the generative 
organs, the accessory glands are usually absent. The eggs are sur- 
rounded by albumen and laid in capsules, ^ which are frequently fixed 
to foreign objects; more rarely they are attached to the foot and 
carried about {Janthina), 

* Fr. Levdig, ** Ueber Paludina vivipara.” Ze^, fwr, wits, Zool,^ Tom II., 
1850. 

£. Clapar^de, “Anatomie nnd Entwickelungsgeschicbte der Neritina flu- 
viatilis.” Miaier't Archiv,, 1867. 

H. Lacaze-Duthiers, ** M^moire sur le sysidme nerv.de THallotideet M6molre 
Bur la Poupre.*' Ann. det Sc, Sat., Tom XII. and XllI 

N. Bobretzky, l.c. ^ 
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Sub-order 1, Plaeopliora.* Body verm\formy Bymmtriealf with^ 
out eyes <md tentadeo. Ventral mrface ftcMened ; doreal aurfcbce 
covered hy calcareous plates plouied in a segmental marmer one behind 
the other. Gills and kidney paired. 

The Plaoophoraare the most neariy allied of all Mollusca to certain 
forms of worms, to which they approximate through the genera 
Neomenia and Chastodernuu The symmetrical body does not possess 
a separated head, eyes, or tentacles. The integument presents 
numerous scattered spines, which are sometimes hard and chitinous, 
and sometimes calcified ; they always arise in special follicles lined by 
ectoderm cells. In addition to these integumentary structures, which 
are also present in Ghmtoderma^ there are a series of broad calcareous 
- plates on the dorsal surface, which are only 

•-* exceptionally covered by the mantle {Crypto- 

1, chiton) y and which, according to their origin, 

represent a multivalve Molluscan shell. The 
,11 “ free edge of the mantle is moderately thickened, 

jj and under it on each side is placed the small 

I - mantle cavity as a furrow containing a series 
' j of leaf-like gills (fig. 519). 

i - Of special interest is the simple condition of 
! - the nervous system (fig. 495), which greatly 

I resembles that of the Oephyrean-like genera 

^ ^ Neomenia sad Choetoderma, Cerebral ganglionic 

T 1 Q.B 19 .— Chiton (•piniferutij swellings are absent, in correspondence with 
tpimoMuti <r%gne aEnimai). want of eyes and tentacles. Four nerve 

trunks pass off from the double oesophageal ring, an upper lateral 
pair, the paUial nerves, and a ventral pair, the pedal nerves, which 
latter are connected by transverse commissures. Pedal and visceral 
ganglia are not separkted as ganglionic swellings from the nerve 
stems. Buccal ganglia, on the contrary, are present. 

The alimentazy canal begins with the mouth, which is placed on 
a roundish lobe ; it is much coiled, and extends through the whole 
length of the body, to open by the anus at the hind end. As in 

* A. Th. Middendorff, “ Beitrage zu einer Malarozoologica rossica. 1, 
Befichreibung and Anatomie neuer oder fiir Busslaod neuer Ohitonen/* Mim, 
Acad, Imp,, St. Petersburg, 1848. 

S. Lov^Sri, “ Ueber die Entwickelung der Gattung Chiton.** ArcJiiv fiir 
NaimrgescU., 1866. 

B. Haller, ” Die Organisation der Ghitonen der Adria.** Arbeiten a, d, Zool 
Inst, in Wien., Tom IV., 1882. 

Vide also Tullberg*B and Gniff's works on Neomenia and Cbostodernia. 
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most Oephalophora (Odontophora) a large muscular mass, the tongue, 
covered by a hard chitinous plate, the nzdida, is found upon the floor 
of the buccal cavity* The heart, on the other hand, mcm nearly 
resembles in structure and position that of the Lamellibranchs, in that 
it consists of two auricles opening into a median ventricle, which lies 
over the rectum. 

The kidnejrs are paired, and open right and left in the mantle 
furrow ; [they also open, as in other Molluscs, into the pericardium]. 
The Pktcophora are dioBcious. 

Testes and ovaries are simple unpaired glands, which lie im- 
mediately over the liver and alimentary canal ; their ducts open on 
each side into the mantle cavity in front of the kidneys. 

The development of the egg begins with an equal segmentation ; 
subsequently the segments of one-half of the ovum divide less 
rapidly. This half is invaginated, so that a gastrula arises. The 
larva which leaves the egg membranes resembles Lov6n’s worm 
larva in the possession of two eye-spots and a ciliated ring, and 
develops without a larval shell. 

Fam. Ghitoxudas. In place of the shell, eight calcareous pieces arc present, 
which are so arranged that the hinder edge of one shell piece overlaps the 
anterior edge of the next following piece. 

Chiton nquanwstM L., Mediterranean. Cryptoohiton Stellein, Midd. 

Sub-order 2. Gyclohranchiata. Prosobranchiata with flat plate- 
shaped shell and foliaceous gills, which are arranged in a closed circle 
under the edge of the mantle round the broad root of the foot. The 
buccal lobes are little developed. The foot is powerful, and usually 
flat and broad. The lingual armature, like that of the Flacopliora, 
is formed of toothed horny plates, hence the name Docoglossa 
of Troschel. A cervical gill placed on the right side of the neck 
is sometimes present {Lottla), Two kidneys are present. External 
copulatory organs absent. They feed on plants, 

Fam. Patellides, (Limpets). The shell is bowl-8hai)ed, and consists of a single 
piece, to which the animal is attached by a horse-shoe-shaped muscle. Head 
with two tentacles, at the swollen base of w^hich are placed the eyes. Tongue 
extraordinarily long and spirally coiled. The radula is without the median 
plates, while the intermediate and marginal plates arc raised to hooks, and 
smaller lateral plates appear. 

Patella L, The apex of the shell is slightly eccentric, and hardly inclined 
to the front. P. coerulea L. , P. tarentina Lam., P. scutellarls Lam., Adriatic 
and Mediterranean. Nacella Schum. Circle of gills broken on the head ; the 
apex of the pellucid shell, shining internally like luother-of-pcarl, bent forwards. 
N.peXbieida L. 

Sub-order 3. Zeugobranchiata. Gills bipennate, paired and sym- 
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metrical. Anterior bor^ of mantle deeply cleft, in correspondence 
with which the shell is perforated or provided with a slit on its outer 
lip. Kidneys paired, that of the left side rudimentaiy. Auricle 
paired; ventricle perforated by rectum. Tongue rhipido^aaal, 
in that the complicated, radula bears in each transverse row, in 
addition to the median and intermediate plates, a great number of 
lateral plates which are arranged in a fan-like manner and the upper 
edges of which are bent into the form of hooks. They are all 
herbivorous, and are without a retractile proboscis or siphonal tube 
at the shell aperture. They often possess filiform appendages on 
the foot. A penis is not developed. 




Fam. Fiiaiirellid«B. Shell cup- or cap-shaped, with an aperture at the apex 
or an anterior marginal excaTation for the entrance of water into the mantle 
cavity, which contains two symmetrical gills. Mantle edge fringed. The 
animals resemble the Patdlida^ are provided with tentacles and a large foot. 
FiHVurella Brug. Shell with longish aperture through the apex, which is 

placed in front of the middle. 
F. gneca L., Adriatic and 
Mediterranean. Emarginula 
Lam. An excavation at the 
anterior edge of the deep 
bowl-shaped shell. E, don- 
gata Costa, Adriatic and 
Mediterranean. Seutun 
Montf. (^Parmophorns 
Blainv.) Australia. 

Fam. Haliotidee. Sea-ears, 
ormers. Shell flat, ear- 
shaped, internal mother-of- 
pearl lustre, with a row -of holes on the left side. The mantle cavity is on 
the left side and contains two gills, of which the right is the smaller. Foot 
fringed, with a broad pedal surface. Head with two long tentacles and short 
stalked eyes. Halwtu L. Spiral of shell small and flat. Foot projecting 
slightly over the shell. ZT. tuherevlata L., Adriatic and Mediterranean. 



► 


Fig. 620.— ConiM texMu (r6gne animal). JB, probOBcis; 
Sit Siphon ; F, tentacle ; 0, eye. 


Sub-order 4. CtenobraiLcliiata (AnisobrancMata, e.p.). With large 
cervical gill of pectinate foim on the left side with small olfactory 
organ (so-called rudimentaiy gill, fig. 516, A spiral shell is very 
generally present (fig. 520). The male possesses a penis on the right 
side. Most are carnivorous and possess a protrusible proboscis. 

1. Ebipidoglossa. Each transverse row of the radula with 
numerous lateral plates arranged in a fan-like manner (fig. 514, 5). 


Fam. Trooliito, (Top Bhells). With conical shell and spiral oper- 
culum. Foot prolonged into cirri and lobes. Eyes on short stalka Purho L. 
With roundish (convex) windings, round aperture, and buccal edge somewhat 
cut off. P rugotwt Lam. Trmhus L. With angular windings, buccal edge 
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divided above, and outer lip thin. Tr. varius L., Adriatic and Hediter- 
ronean. 

Fam. Heritid» (Xeritaoea). With thick, hemispherical shell and operculum. 
Eyes stalked, behind the two long tentacles. Proboscis short, often bilobed. 
Foot large, triangular. Heart perforated by rectum, with two auricles. NeHta 
L. Shell thick, hemispherical, spiral lateral ; aperture semi-circular. N. rugata 
Bed. ; N, flumatilU L. ; Navioella Lam. ; N. elliptioa Lam. , 

Pacific Ocean. 

2. Ptenoglossa. — ^Without siphon, aperture of shell entire, without 
excavation or canal. Tongue armed with rows of numerous small 
hooks and without the median plates. 

Fam. JanthinidtB. Janthlna Heolor Menke, Mediterranean. 

Fam. SolaxiidsB, (Wentle-traps). Scalar ia comitmnitt Lam., Sc, pretiosa 
Lam., East Indies. Solarium per it2wctivum Phil., Mediterranean. 

3. Bhachiglossa. — With long proboscis invaginable from the base. 
Tongue long and narrow with at most three plates in each transverse 
row, a toothed median plate and an intermediate plate on each side, 
which are often reduced to mere hooks, and may be absent. All 
possess a siphon and ai-e predatory. 

Fam. Yolutidas (Faltenschnecken). Volvta wadulata Lam., New Zealand ; 
V. vespertilio, East Indies ; Cambium eethwjncum L. 

P^im. Olivldas. Oliva utriculm Lam., Indian Ocean ; Uarpa ventricoea 
Lam., New Guinea. 

Fam. MurioidsB (Canaliferm). Mur ex hrandaris L., Mediterranean. Fueus 
amtralUy Quoy Gaim. Columbella mereatorla L., Atlantic, 

Fam. BuceixLidas. Whelks, Bucciaum undatum L. ; Ndssa reticulata L. 
Mediterranean ; Purpura lapUlm L., North Sea. 

4. loxoglossa. — Tongue with two i*ows of long hollow hooks, which 
can be protruded from the mouth. All possess a siphon, and usually 
prey on marine animals. 

Fam. ConidaB (fig. 520) (KegclHchneckcn). Conus litteratm L., East Indies. 

Fam. TerebridsB (Schraubenschnccken). Tcrchra dimidiata Lam. 

Fam. PleurotomidsB. Pleurotoma nodifera Lam. ; Cancellaria Lam. ; C. can- 
oellataj Lam. 

5. Taenioglossa. — In each transverse row of the elongated radula 
there are usually seven plates. Two small jaws usually found at the 
mouth entrance. 

Holostomatous are : — 

Fam. LittorinidsB, (Winkles). Littorina Uttorea L. 

Fam. CyoloBtOBkidn. Ecspire air like the PvXmoaata by vessels of the mantle 
cavity. Live in damp places on land. Cyclostoma elegam Drap. 

Fam. PalndinidA, (Flusskiemenschnecken). Inhabit fresh water. Paludina 
vivipara L. ; P, impura Lam. 

Fam. Vermetidn, (Wurmschnecken). Vernudm aremrius L. 

Fam. Cerithiidm. CerUhium. lave Quoy Gaim. 
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Siphonostomatous are : — 

Fam. CyprsBida, (Cowries). Cypraa tigrit Lam ; C, moneta L. 

Fam. Tritoniida, (Tritonshbruer). Tritoniuin HaHegatum Brag. ; Ranella 
gigamtea Lam. 

Fam. Boliida. (kisai* eomvta Lam. ; Dolium galea L., Mediterranean. 

Fam. Strombida (Alata) (FlUgeJschnecken). 8tro'm}ms Imhella Lam. ; 
Pteweeras UmhU Lam. ; Rottellaria rectirostria Lam. 

Fam. Katioida. Natioa ampullaria Lam. ; Sigaretm Jialiotoideue L., 
Atlantic. 

Fam. Capnlida, (Miitzenschnecken). CapvHua hungarUsus L., Adriatic ; 
Calyptreea mgoaa Desk. 

Fam. Ampullariada, (Doppelathmer). With branchial and pulmonary cavity. 
In rivers of hot countries. Ampullaria celehcnaU Quoy. ; A, poUta Desk. 


Order 2. — Heteropoda.* 

Pelagic Gastropoda with Jm-like foot^ large preceding head amd 
highly-developed moveable eyes, ^Dioecious, 

The body (fig. 521) of the Heteropoda is usually cylindrical and 
elongated and prolonged into a proboscis-like projecting head, which 
carries large well-developed eyes and tentacles, and encloses a power- 
fully-armed protrusible tongue (fig. 514 a). The main peculiarity of 
the body consists in the formation of the foot, the anterior and 
middle portion {pro- and mesopodium) of which is modified to the 
form of a leaf -shaped fin, often provided with a sucker (fig. 521 S)'y 
while the hinder section {metapodium) is considerably elongated and 
extended far backwards, and seems to form the caudal continuation 
of the body. The visceral sac is either spirally twisted, and en- 
closed by a mantle and spiral shell {Atlanta), or has the form of a 
saccular and projecting mass, which is placed at the limit of the 
hinder region of the foot, and is likewise covered by the mantle and 
a hat-shaped shell {Carinaria, fig. 521); or finally the visceral sac 
is reduced to a very small, scarcely-projecting nucleus, which is 
covered on the front side by a membrane with a metallic lustre and 
is completely without a shell. 

The nervous system is more highly developed than that of any 
other Gastropod. Tlie two large eyes are placed near the tentacles 
in special capsules, in which they are moved by several muscles. The 

* Souleyet. ** Hbtdropodes. Voyage autour du monde ex^cutd pendant les 
ann^es 18.S6 et 1837 sur la corvette la Bonite, etc,” Tom II. Paris, 1862. 

R. Leuckart. “Zoologische Untersuchungen,” Heft III. Giessen, 1864. 

C. Gegenbaur. “ Untersuchungen iiber Pteropoden uiid Heteropoden.” 
Leipzig, 1864. 

H, Fol. “ Sur le D^veloppement des H6t6ropodes.” Arch, do Zool. experim. 
Tom V., 1876. 
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large auditory veakleo each receive a long auditoiy nerve from the 
cerebral ganglion, and are characterised not only by the remarkable 
vibrations of the long tuftdd cilia of their epithelium, but also by the 
arrangement of the nerve cells (group of hair cells of the vnxwidor 
acustica round a large central cell, fig. 83). In addition numerous 
peculiar nerve-endings in the skin, which appear to serve the tactile 
sensation, and the so-called ciliated organ on the anterior side of the 
visceral sac, are present. The latter has the form of a ciliated pit, 
under which is placed the ganglionic swelling of a nerve which 



Fig. 621.— Male of Carinaria meAlUvrawa (after Gogenbaur). P, foot ; S', sucker; O, imutli; 
Pot, buccal mass ; Jlf, stomach ; Sp^ salivary gland ; Z, liver ; Ay amis ; CO, cerebral 
ganglion ; TV, tentacles ; Or, eye ; auditory vesicle ; BG, buccal ganglion ; Py , pedal 
ganglion; A/y, mantle ganglion; JV, kidney; Pr, gills; Af, auricle ; IV, ventricle; Ar, 
anterior aorta ; Z, posterior branch of same; T, testis; Td, vas deferens ; ciliated 
furrow ; Pf, penis ; P, flagollum with gland. 

arises in the visceral ganglion it has the value of an olfactory 
organ. 

The males are distinguished by the possession of a large copulatory 
organ, which projects freely on the right side of tlie body ; the males 
of Pterotrachea also possess a sucker on the foot. In Atlanta anl 
Carinaria the sucker is present in both sexes. The testes and 
ovaries fill the posterior part of the visceral sac and are partially 
imbedded in the liver. The ducts, viz., vas deferens and oviduct, 
open on the right side of the body j the former at some distance from 
the organ ^ of copulation, to which the sperm is conducted from the 
sexual opening in a ciliated furrow. The copulatory organ consi its 

VOL. 11 . ® . 
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of two parts placed side by side, (1) the penis with the continuation 
of the ciliated groove ; and (2) the gland rod which encloses a longish 
gland. The oviduct (fig. 90) is more complicated, inasmuch as a 
large albumen gland and a receptaculum seminis open into it ; its 
dilated terminal part acts as a vagina. 

The Heteropoda are exclusively pelagic animals, and they are often 
found in great numbers in the warmer seas. They are somewhat 
clumsy in their movements, which are effected with the ventral 
surface uppermost by oscillations of the whole body and the fin. 
They are all carnivorous. When the tongue is protruded, the lateral 
teeth fly apart fTOm one another like the limbs of forceps, and when 
retracted they again fall together. By means of these prehensile 
movements small marine animals are seized and drawn into the 
mouth. 

Fam. PterotrackeidsB. Carimria mediterranea Lam., Pterotrachea coronata 
Fursk., Mcjditerraneaii. 

Fam. AtlantidsB. Atlanta Paronii Less., Mediterranean. 

Al 



Fig, ^2.2.— Avion ewjnricorum (rdgne Hiiixnal). Al^ reRpiratoiy aperture. 


Order 3. — Pulmonata.'*' 

Te^rrestrial and frenh-water Gantrojmds toith Ivng which is placed in 
front of the heart, Ilerniaphrodite. 

The roof of the mantle cavity, .ns in the Cyclostoinidcef is provided 
with a network of vessels for aerial .respiration. The mantle (pul- 
monary) cavity opens to the exterior on the right side by a respiratory 
aperture (fig. 522.) The mjintle cavity of the young of the fresh- 
water Pulmonates is at first filled with water, and only later with 
air. Some species of Planorhis and Limncenm retain, during the 
whole time of their life, the ability to breathe both in air and water 
(some Limnasm^ with lungs full of water, have been dredged up at 

* L. Pfeiffer, “ Monographia Heliceorum viventiura.” Leipzig, 1 848-18(»9 ; and 
*' Mouographia Auriculaceorurn viventium.” Cassel, 1856. 

A. Rossiiifissler, “ Iconograpliie der Land-und SUsswassermollusken Europas.” 
Leipzig, 1835-1869. 

Foi-ussac et Doshayes, “Histoire naturellc g6n6rale et particuli^re des 
Mollusques terrestres et fluviatiles.” Paris, 1829-1851. 
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considerable depths in Lake Constance). The anus and renal open- 
ing are placed near the respiratory aperture, sometimes in the 
respiratory cavity itself. The generative organs open some way in 
front, but on the same side. In the forms with a left-handed spiral, 
the respiratory orifice, anus and generative opening are on the left 
side. Some Fulmoiiates are naked, or possess only rudiments of the 
shell in the dorsal integument; others carry a relatively thin and 
usually right-handed shell. Physa, Planorhis, and Claudlia alone 
present a left-handed spiral. A true operculum is absent. On the 
other hand, many forms secrete temporarily a winter operculum. 

While the Fulmonates (with some exceptions) resemble the Froso- 
branchs in the position of the heart behind the respiratory organs, 
in the arrangement of other organs, the nervous ^stem, they 
more resemble the Opisthobranchs. The dentition consists of 
an unpaired, horny, and usually longitudinally-ribbed upper jaw 
(wliich, however, may be absent) and of a radula, which is covered 
with a great number of toothed plates in longitudinal and trans- 
verse rows. All are hermaphrodite. A few, e.g.^ species of Claudlia 
and Pupciy are viviparous. Most Fulmonates, however, lay eggs, 
either as in the fresh-water forms united in tubular or flat masses on 
water-plants, or as in the terrestrial forms in damp places, eatdi one 
being surrounded by a protecting calcareotis shell. The ovum is’ 
always contained in a large mass of albumen, which serves as 
nourishment to the developing embryo. 

I. -Basommatophora. 

The eyes lie at the base of the tw^o tenttieles. Fresent many 
resemblances to the Tectihranchiata. 

f am. Liixiii8Bid8B. miricularU Drap., (Pond snail); Z, stfagntiJis 

O. Fr. Muller ; Phym fontinalU L., Planorbis corncug T ,, Anvyhus JtnviatiliM 
blaiiiv. 

l^am. Anricnlide. Avricnla Jvdee Lam., A, Alidie Lam., Ckryohium mini 
mum, 0. Fr. Mlill. 


II. — Stylommatophora. 

The eyes lie at the tips of tvro usually retractile tentacles (posterior 
tentacles). 

Fam. Ferouiadae (^Amphip'iwmtcC), Lung behind heart- (Opisthopulmonate). 
PvYonia verrvwlata Cuv., Vvronicella Blainv., Oncliidkm Buchan. 

Fam. Limacidae (Naked snails). Avion F6r. Hexual opening beneath the 
respiratory oiilicc in front of tie middle of the dorsal shield. * Back without a 
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led, with caudal gland and mucous aperture at end of body. A. empirioarum 
F^r., Limux L. Bespiratory apcrtui-e behind the middle of the right edge of 



riT^. 623.— Dort* {Aeantho- 


the mantle. Sexual opening far removed from respira- 
tory aperture behind the right tentacle. Back keeled, 
without caudal gland and mucous orifice. Z* agretth 
L., Z. cincrevg O. Fr. Miill. 

Fam. HelicidsB. fhiccmea amphihm Drap., Ihipa 
mmeo't'um L., Clauulia Mdens Drap., JiuUniug monta- 
nns Drap., IJdix pomatia L. (Koman * snail), IL 
nemoraliis L. 

Order 4. — Opisthobranchiata.*^ 

Heryiiaplirodite Gastropods, with flat foot. 
Branchial veins open into the auricle behind 
the ventricle. 

The great majority of this order fire without 
a shell. The braiicliial cavity never contains 


d >rU) pilota {hronv), Br^ 
g'.lls; A, anuB; F, tentacle. 


more thfin one gill. The gills are usually 
exposed (tig. 523) or absent. Sometimes there 


are dorsal processes, into which appendagcis of the filimentary canal 


enter (fig. 525). The nervous system contains cerebral, visceral and 


pedal gfinglia (except in Tethi/s, which has 
a fused ganglionic mass and simjde (esopha- 
geal commissure). The brand lijil veins, with 
a few exceptions (Gastropiteron), enter the 
heart from behind. 

Sub-order 1. Teotibranchiata. Gill al- 
most always on the right j*ide, covered by 
the mantle edge or placed in a dorsal 
branchial cavity. Shell usually present 
(fig. 624). 

Fam. Pleurobranchidse. With large gill on right 
side, and usually internal sliell. Plntrohranchwa 
MecltAli Guv., Plevrohranrhvs anrantiaoug Guv., 
Umbrella mediterranea Lam. 

Fam. AplyiiadaB (Sea-hares). Shell covered by 
two lobes of the foot. Aplygia depUam L., 
Mediterranean. 

Fam. BullidaB. Bulla ampulla L., Phil me 
aperta L., Acera bvlXata 0. Fr. Miill. 



JB, prohoBcis. 


Sub-order 2. Vudibranchiata. Marine Gastropods, without shell 

4 

* Alder and Hancock, I, o. H. Muller and G. Gegenbaur, “ Ueber Phyllirhoe 
bncephalum.** Zeit.f, miss. Zool,, Tom IV., 1864. 
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or mantle. The gills project freely on the dorsal surface, and may 
receive appendages of the alimentary canal. 


Fam. Tritoniad®. Gills in two longitudinal rows on 
Jltmibergii Cuv., Seyllaa pclagica L. 

- To this family is allied Tethys Jimhriaia L., with con- 
centrated ganglionic mass, without radula and buccal 
mass. 

Fam. Doridida. Gills in circle round anus (fig. 623). 
DorU coocinea Forb., B, tulerculata Cuv., Adriatic and 
Mediterranean. 

Fam. Aolidide. Numerous processes on dorsal surface, 
into whicli diverticula of the alimentary canal pass 
{Phlebenterata), JEtdu 2>apillo8a h, (fig. 625), Tvrgipes 
£dwardsi Nordm. Heu-e arc allied Phyllirhoe Imcipha- 
lum P6r., and the Phyllidiidcc, 

Sub-order 3 . Saccoglossa. Grills absent, or as 
simple appendages of the doi*sal integument. The 
radula with a single row of toothed plates, of which 
the anterior, after they are worn out, fall into a 
pocket developed on the floor of the buccal cavity. 


the back. Tritonia 



Fam. Limapontiad®. Limapontia atra Johnbt. 
Fam. Elyaiad®. Elysia mridis Ok. 


Pig. 526 . — JtsMut papiim 
loia (BronnX dor- 
sal papillsB. 


Class in.~PTEKOPODA. * 


Hermaphrodite Molliisca without sharply separated head, with two 

large wingdike fins, often 
unth cephalic cones. 

The body is sometimes 
elongated and straight, 
sometimes with its hinder 
part spirally rolled. The 
anterior region bears the 

* Rang et Souleyet, “His- 
toirc natureJlo des Mollusqucs 
rtcinpodes." Paris, 1852. 

C. Gegeiibaur, “ Untcr- 
suchungen iiber die Ptero- 
peden und Hetcropoden.” 
Lc-ipzig, 1855. 

A. ‘ Krohn, Beitriige zur 
Entw^kclungsgeschichte der 
Pteropoden und Heteropo- 

TT xj, , din.”g heipzig, 1860. 

‘Bur Ic ddvcloppement des Pt6ropode8.” ArcMves de Vmloaie 
xph'tmcntale, etc., Tom. IV., 1875. 



Pig. 628. — a, PaeumofWmon violaot'um from the ventral 
side. 6, Clione amlralU from the side (Bronn). 
flus; Te, tentacles. 
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moatk and tentacles but is hardly separated off as a distinct bead ; 
beneath the mouth there are two large lateral fins which morpho- 
logically are to be explained as paired parts {epipodia) of the foot 
(the unpaired part is rudimentary), and which, by their wing-like 
flappings, cause the movement <$f the animal. The body is either 
naked (fig. 526) and without distinctly separate mantle, or there is 
a shell of very various shape, into which the body with the fins can 



Fia. r»27. — CivkHk ocitula fnuu the doi>.a1 Hide 
(after Gregeiibaiir). The liiDder ]iart of the 1>ody 
ie omitted. Fl^Hna; mouth ; Ocx 


I*, inediau lobe of tlie foot ; F, toiitoele ; 
cerebral giuiglioii ; Mn, mantle nerve ; H'jr, cilia- 
ted ehield ; M, stomach; Bl, blind sue of stomach 
Af anus; JV, kidney ; Oe, opening of kidney iiiti 
the nianUe cavity ; At, auricle; Ve, ventricle; 
6, sexual gland ; R, retractor. 


usually be completely 'with- 
drawn, and which may be 
horny, gelatinous and cartilagi- 
nous, or calcareous, and is al- 
most always symmetrical. In 
the last case (presence of shell) 
the mantle is usually veiy com- 
pletely developed and encloses 
most of the body to the region 
of the fins, behind wdiich the 
slit-like entrance to the mantle 
cavity is jdaced. The integu- 
ment usually contains calcareous 
concretions, cutaneous glands, 
and pigment cells, which may 
give the body a daik brown, 
sometimes brownish, or even 
reddish colour. 

The mouth is sometimes sur- 
rounded by several arm-shaped 
pi*ocesses (CV/o), or by two 
pi-ocesscs beset w’ith suckers 
(Pneumodermon)f the cephalic 
cones (fig. 526). It leads into 
a buccal cavity, armed with 
jaws and toothed radula ; at the 
liottom of the mouth the long 


cesophagus begins (fig. 527). The icsophagus leads into a dilated 
stomach, which is followed by a long, coiled intestine, which is sur- 
rounded by the liver and bends laterally and forwards. The anus is 
usually in the mantle cavity on the light side and nejir the front end. 

The circxilatory organs arc reduced to arteiial vessels ; the main 
trunks arise from the spherical ventricle. The veins are replaced by 
a system of lacume of the body cavity without special walls, into 
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which the arteries open. The blood returns from the laeunee thl^uglP 
the respiratory organs to the pericardial sinas,, whence it ^^i^rs the 
auricle through the venous ostium. 

The respiratory organs, as far as they are not represeni^ by the^ 
whole integument {Clio), have the form either of foliaceona'lDMiSiiaJ ’ 
appendages {Pneumodetmon) at the hind end of the body, df/in the 
shell-bearing forms, of intel*nal gills placed within the mantle cavity, 
the entrance to which is lined with peculiar ciliated bands. The 
gills are always but slightly developed, and are reduced either to 
folded elevations of the ciliated mantle-wall, or to the mantle-wall 
itself. 

The kidney is an elongated contractile sac, which communicates 
with the pericardhil sinus by a ciliated 
funnel, and with the mantle cavity or 
‘directly with the exterior by a strongly 
ciliated opening which is capable of 
being closed. 

The nervous system resembles that 
of the higher Opisthobranchs. Pleural 
ganglia are present. The cephalic cones 
receive their nerves from the brain ; the 
two fins as parts of the foot from the 
pedal ganglia. 

Sense organs. — A pair of auditory 
vesicles ai*e always present. Eyes on 
the other hand ai*e absent or very rudi- 
mentary, as red pigment spots {Hyalea) 
placed cither on the visceial sac near 
the (esophageal ring or on the tentacles 
{Clio), Tactile organs are ' represented by two small tentacles 
{Hyalea, Cymhidia) and the larger cephalic cones which are some- 
times beset with suckers {Clio and Piieuinodermoit). 

The Ptcropoda are hermaphrodite. The hermaphrodite gland lies 



Fia. 628. — Larva of Cavolmin ti'hhn. 
tutu (afttT Fi>l). velnm ; J\ 

foot ; i", the two lateral (e]n)KMlial 
loboB of tlie foot ; A, anus ; M, re- 
ti'actor uiuBcle ; Md, stuiuach. 


near the lieart behind the stomach in the visceral sac, and usually 
possesses a common duct wliich is provided not only with a seminal 
vesicle, but also with a kind of albumen gland and receptaculum 
seminis ; it opens to the exteiior usually on the light side in front 
of the anus. The penis is sometimes in the terminal part of the 
duct ; in the Ilyaleidai and Cynibuliidce it has the form of a rolled-iip 
I>rotrusible tube placed in front of the sexual. opening. The eggs are 
surrounded by albumen and laid in long strings which float freely in 
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the sea. The embryos acquire velar lobes and shell, and leave the egg 
as larvse (fig. 628). While the velum is atrophying, the two fins 
gradually appear on the first-formed unpaired part of the foot, while 
the shell (with operculum) is usually cast off. The Hyaleidce how- 
ever appear to keep the larval shell and develop it further, while the 
Cyrribuliidoe replace it by a new shell. The naked PnevmodermidcB 
and Clionidoi do not after the loss of •the velum and shell grow 
direct into the sexual animal, but first acquire three rings of cilia and 
pass into a new larval phase (fig. 529). The Pteropods always live 
on the high sea, but may by retracting their velum sink. 

Order 1. — ^Thecosomata. 

Pteropoda with a shell. Head but little developed, often not 
distinct ; tentacles rudimentary. The rudi- 
mentary foot remains in connection with 
the fins. 

Fam. HyaleidsB. Shell calcareous or horny, 
swollen ventrally or pyramidal, symmetrical, with 
pointed processes. ITijalea tridvntata Lam., 
Cleodora Per. Les., Cregvu Rang., Cr, acicvla 
Pang., Mediterranean. 

Fam. Cymbuliidee. With cartilagino-gelatinous 
shell, boat-sha}wd or slipper-shapod. Cyrnhuliti 
Peronii Cuv., Tiedmannia ncapolitana Van Ben, 

Order 2. — GtYMNOsomata. 

Naked Pteropods, head bearing tentacles, 
often with external gills. Fins separated 
fiom the foot. Larvae with rings of cilia. 

Fam. Glionidae. Body * spindle-shaped, without gills. Clio horcalia Pall., 
constitutes with Limacina arctica the chief food of Whales. 

Fam. PneumodermonidsB. Body spindle-shaped, with external gills, and two 
protrusible arms, whieh are beset with suckers and placed in front of the fins. 
Pnenmodermon violaccum d’Orb. 





Fig. 629.— Larva of Pneumodermon 
(after Gegonbaur). 


Class IV.—CEPHALOPODA. ♦ 

With well-ma/rked heady a circle of arms hearing suckers round the 
mouth and fmmel-shaped perforated foot. Dioecious, 

In the form of their body the Cephalopods are most nearly allied 

• Ferussac et d'Orbigny, “ Histoire naturelle g^nerale et particuli6re des 
Cdphalopodes ac^tabuliferes vivants et fossilcs.” Paris, 1835-45. 

J. B. Verany, “ Mollusques M^diterraneens observes, ddcrits, figures et 
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to the Pteropods. The morphological relation between these two 
groups was first thoroughly discussed by R. Leuckart. He showed 
that the cephalic cones (tentacles) of Clio correspond to the ceplialic 
arms of Cephalopods, while the median lobe of the foot, represented 
by the cervical collar, is the equivalent of the funnel. Huxley, 
however, does not take this view ; he holds that the arms are parts 
of the propodium and that the funnel, which is formed by the fusion 
of paired folds, 
is equivalent to 
the paired ele- 
ments of the 
epipodium 
which in Ptero- 
pods form the 
fins. 

The mantle 
cavity is placed 
on the posterior 
surface of the 
body, which in 
the natural po- 
sition is the 
under surface. 

In it are placed 
on each side 
one {Dibranchi- 
ata) or two 
( 2^e t rahrarbchi- 
ata) gills, the 
anus, the paired 
renal openings, 
and the genera- 
tive opening which is sometimes single and sometimes paired. The 
eyes and olfactory organs are placed at the sides of the head. 
Anteriorly around the mouth four pairs of fleshy cephalic arms, 

chromolithographids d’aprcs le vivaiit.” I® Partic. C6phalopodes de la M6di- 
teiTari^e. Gdnes, 1847-61. 

H. Muller, “ Ueber das Maniichen von Argonauta argo uud die Hecto- 
cotylen.” Zeit.fiW wUft, Zool,^ 1856. 

Jap. Steenstrup, “ Hcctocotylus dannelsen hos Octopoilsl , etc.” K. Danlt*, 
VvlensJt, SeUkahx Skrifter, 1H5G. Ucberaet/.t im ArcJdv filr NaUmjenck 1866. 

Alb. Kolliker, “ Bntwickelungsgcsch. dor Oephalopoden.” Ziirirh, 1841. 



Fio. 530 . — Octopus macropus , creeping (after Veraiiy). 7*, funnel. 
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arranged in a circle, project ; they serve for creeping and swimming, 
as well as for the capture of prey, and usually bear rows of suckers 
on their oral surface. In many forms (Octopoda) the basal parts of 
the arms are united by a membrane which forms a kind of funnel in 
front of the mouth, the cavity of which is contracted and dilated 
in movement (not to be confounded with the pedal funnel, fig. 
530 T), In others two lobe-like cutaneous appendages, the so- 
called fins, serve for swimming (fig. 631): these forms {Decctpoda) 

possess in addition to the eight 
aims a pair of very long ten- 
tacles (fig. 531). 

In NautUmy the single 
living representative of the 
Tetrahranchiata, thei*e is 
found in place of the eight 
arms a crown of very numer- 
ous tentacles. These, how- 
ever, according to the view 
of Valenciennes, appear to 
correspond morphologically 
to suckers; in fact similar 
filaments are found on the 
aims of CirroteuthiSf as pro- 
longations of the cylindrical 
nucleus of tlie suckers. The 
true arms of Nautilus are 
very short and rudimentary, 
orming fold-like lobes at the 
base of the tentacles. 

The funnel is placed on the 
ventral (posterior) side and 
projects from the broad opening of the mantle cavity, which can be 
closed laterally by suckers. It has the form of a cylindrical tube, 
narrowed at the front (free) end, and in Nautilus is open along the 
under surface. Its broad base is placed in the mantle cavity, and it 
sei*ves to conduct away to the exterior from the latter the i*espii’atory 
water which has entered by the general mantle-opening, and with it 
the excrementitious and generative products. At the same time, act-' 
ing in conjunction with the powerful mantle musculature, it serves as 
an organ of locomotion. The respiratory water is violently driven 
through the funnel by the contraction of the mantle, the general 



Fig. 531 . — Loligo rulgarin (after Veraiiy). 
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opening' of the mantle being firmly closed by the sucker-like arrange- 
ment at the base of the funnel ; the animal, in oonsequenoe of the 
reaction, is thus projected backwards. 

Many Cephalopoda are naked (Octopoda), others {Decapoda) possess 
an internal rudimentary shell, a few {Argonauta, Nautilus) are pro- 
vided with an external spirally-coiled shell. The internal shell rudiment 
of the Decapoda lies in a pocket in 
the dorsal mantle, and is usually a 
flaf, lancet-shaped spongy calcareous 
plate {ps sepice). The external shell 
is only exceptionally thin and simple 
i^Argonauta) ; usually it is spimlly- 
twisted and divided by cross partitions 
into a number of successive chambers. 

The animal lives in the anterior 
chamber, which is the last formed 
and largest. The other chambers, 
which diminish continuously in size 
backwards, are filled with air; they 
remain, however, connected with the 
large anterior chamber by a central 
tube (siphon), which perforates the 
partitions and contains a prolongation 
of the animal’s body. 

The dermis of the Cephalopoda 
contains the remarkable chromato- 
phores, which cause the well-known 
play of colours. These consist of cells 
filled with pigment; to their walls, 
which are foiined of a cellular mem- 
brane, numei’OUS radiating muscular Fio. 532.— Digestive apparatus of Sejii 
fibres are nttiushecl. When the latter 1^2 fZ 

contract the cells are pulled out into buucal ganglion ; Spi, salivary gland 
. 1 • n «»i8«»pljagu8 ; X, liver ; Gg, bile duct 

a star shape; in the processes so H)danchuic gangUou ; jv/, stomacb 

formed the pigment is distributed. appendage of stomach ; a 

■,1^, , . ,11 anus; r6, ink sac. 

When the contraction ceases, the cell 

returns, in virtue of the elasticity of its walls, to its original 
spherical form and the })igment is again concentrated in a small 
space ; thus the animal changes its colour. There are usually two 
kinds of chromatophores, as far as colour is concerned, placed above 
and near one another. They are coin^ected with a special centre 
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on the stalk of the optic ganglion and they cause a rapid inter- 
change of blue, red, yellow and dark colours. In addition to the 
chromatophores, there is a deeper layer of small shining spangles 
which produce interference colours, and thus give rise to the peculiar 
ii-idescence and lustre of the skin. 

The Cephalopoda possess an internal cartilaginous skeleton, 
which serves for the protection of the nerve centres and sense organs 

and attachment of mus- 
cles. In the Dibranchiata 
this skeleton constitutes 
a cartilaginous capsule 
which encloses the cere- 
bral ganglia, oesophageal 
ring, and the auditory 
organ, while its lateral 
portions are hollowed out 
and represent the orbits. 
There are also (Decapods) 
optic cartilages, a so-called 
brachial cartilage and 
dorsal cartilage, various 
small cartilages for the 
closure of the mantle 
cavity, and fin cartilages 
for the support of the 
fins. 

Alimentary canal. — 

The mouth, which is placed 
within the circle of arms, 
is surrounded by a cir- 

Ffo. 533.— Nervous system of Stpia ojffieiwtlis (after Cular fold forming a kind 
CluSroij). Cy, cerebral ganglion; Vg, visceral gang- £ 532h It is 

lion; Jigt buccal ganglion ; Upg^ suju-aphaiy ngcal r' V to* /* 

ganglion ; Tg^ ganglia of the tentacles ; 6r«<, stellate armed with twO powerful 
ganglion ; Ot. auditfiry vesicle. . j 

“ * * ’ jaws, an upper and a 

lower, which resemble in form a reversed parrot's beak. The radula, 
which recalls that of the Heteropoda, bears in each row a tooth-like 
median plate, and on each side three long hooks, adapted for drawing 
in the food ; in addition there may also be some flat non-toothed platas. 
The oesophagus usually receives two pairs of salivary glands, and either 
has the form of a simple narrow tube, or presents before its junction 
with the stomach a crop-like dilatation (Octopods, fig. 535 J n). 
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The stomach (Fig. 532 M) is usually spherical; its walls are 
muscular and its internal lining is raised into longitudinal folds or 
papillaB. It possesses a large, sometimes spirally wound, caecal 
appendage, which opens into it close to the point of origin of the 
intestine, rarely at some distance from that point. The ducts of the 
large liver open into this caecum. A mass of yellow glandular lobes, 
which are attached to the upper part of the bile ducts, may be in- 
terpreted as pancreas (fig. 532 Gg\ The intestine is but little con- 
voluted and the anus always opens in the middle line of the mantle 


cavity. 



Fig. 6.'J4.— Horizontal nectirth through the eye of BajAa (diagrammatic, after HenRen). JT/T, 
cephalic cartilage ; C, cornea ; L, loiw ; Ci, ciliary bt)«ly ; iris cartilage ; A', cartilage of 
optic bulb ; Ae, argentea externa ; Tf% white body ; optic nerve ; Oo, optic ganglion ; 
.Se, outer layer of rods, Ai, inner layer of roda of tlie retina ; P, pigment laj'er of the 
retina. 


The nervous system is characterised by its great concentration 
and high development. In the Dihranchiata the nerve centres 
constitute a large ganglionic mass which is placed in the cartilaginous 
cranial capsule and is perforated by the oesophagus (fig. 533). It is 
divided into a dorsal and a ventral portion, connected by two com- 
missures. The former corresponds to the brain (cerebral ganglia) 
and sends nerves to the sense organs and to the buccal ganglia.. The 
ventral portion consists mainly of the pedal and visceral ganglia. 
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The latter sends a large number of nerves to the mantle, the viscera 
and the gills. The large ganglion sltUaium, which is found on each 
side in the mantle, a ganglion of the vena cava, two branchial 
ganglia, and the ganglion splanohnicum are all developed on the 

course of these nerves 



from the visceral 
ganglia. * 

Of the sense organs 

the large eyes, placed 
on the sides of the 
head, are the most 
conspicuous. Each eye- 
bulb is placed in a 
special orbit, which is 
partly formed by an 
excavation in the ce- 
phalic cartilage. It 
is enclosed in a strong 
capsule which is con- 
tinued over the front 
of the eye as a thin 
and transparent mem- 
brane, the cornea. Tlie 
cornea may, however, 
be entirely absent 
(^Nautilus)^ or in other 
cases be pierced beneath 
an eyelid-like cutaneous 

{Oigopsid(B)y through 


FitJ. 595.— ViKcera of Ociojmit rulgantt after removal of the which the 'Water On- 


[lostorior uiiiutle wall and liver (after M. Edwards). 

Iniocal iinisR ; ^v/', upper salivaiy gland ; Oe^ cosepliagns, Sr/", 
lower salivary gland ; Jn, crop ; M, stomach ; Ay end of the 
^'oetuni turned back ; OCy eye ; Tr, fiinuel ; BVy gills ; Oc, 
evai-y ; Oti, oviduct ; Ny kidney; A'r, auricle, receiving the 
branchial vein ; F, iwsterior vena cava ; 6', ventricle ; Ao, 


ters the anterior optic 
chamber, and passes 
into a space of vaiious 
extent round the an- 


aoita. 


terior surface of- the 


bulb (fig. 534). The Oephalopod eye possesses almost exactly the 
‘parts as the Vertebrate eye. The presence of the inner layer of same 
retinal rods in the former may be mentioned as an essential difference 
between them. The eye of Nautilus is without the lens. 

The two auditory sacs are placed in the cephalic cartilage, and in 
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the DihraruMata in fecial cavities of the latter, the so-called cartila- 
ginous labyrinth. They receive from the pedal ganglion their short 
auditory nerves, which, however, arise in the brain. 

The respiratory org^s have the form of two [IHhrcmcMatct) or 
four {Tetrahr<mchiata) pennate gills, which are placed at the sides of 
the visceral sac in the mantle cavity. They are bathed by a current 
of water which is continually renewed. 

The heart lies in the hinder part of the visceral sac, more or lass 
closely approximated to the apex of the body. It consists of 
a median ventricle 
and as many lateral 
auricles as there are 
gills (Hgs. 535 and 
530). A large an> 
terior aorta (aorta 
cephalica) passes off 
from the ventricle 
and gives in its 
course strong 
blanches to the 
mantle, alimentary 
canal, and funnel, 
and breaks up in 
the head into ves- 
sels to the eyes, lips 
and arms. A pos- 
teriorly directed vis- 
ceral artery also 
leaves the ventricle. 

The capillary net- 
work, which is 
richly developed in all the organs, passes partly into sinuses, paHly 
into veins, which are collected through lateral veins into a large an- 
terior and a posterior vena cava. Ejwjh of tin se bifurcates into two 
or four trunks (according to the number of gills) which carry the 
blood to the gills. Immediately before their entrance into the 
gills the walls of these so-willed branchial arteries are (except in 
Nautilus) especially muscular and rhythmically contractile and 
constitute hranchinl hearts. The Cephalopoda also possess arrange^ 
ments by which a mixture of water with the blood ran be effected. 

Paired kidney sacs are always present, one on each side of the 



Frci. 53r», — Circulatory and excretory oi-gaiis of Sfpia qffieinalig 
from the <lort>al side (sifter Hunter) Br, ; C, ventricle ; Ao 
and Ao", the anteriur and posterior .aorta ; V, lateral vein ; Vc\ 
anterior vena csivsi ; Vc", posterior vena cava ; N, renal ap]>end- 
agea of the veins ; Vbr, adv^ent brnnohial vessels (branchial 
aitories); Kh, bninchial heart; Ajt, appendage of the same; At, 
At', auricles receiving the reveheut br.anchiiil vessels (branchial 
veins). 
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abdomen. They open into the mantle cavity, each through the apex 
of a papilla. The anterior walls of the sacs are pushed inwards by 
caBcal appendages of the venae cavae (branchial arteries), so as to give 
rise to a number of racemose lobules projecting into each renal sac 
(fig. 536). The renal sacs, as in other Molluscs, communicate with 
the body cavity, which in Sepia is largely developed and contains the 

Octopoda is reduced to a 
narrow tubular space 
(“ water - vascular sys- 
tem of Krohn) and 
only contains the sexual 
glands. 

' An excretory organ 
very generally present 
is the ink- sac. It is a 
piriform sac, whose duct 
opens to the exterior 
with the anus, and 
empties an intensely 
black fluid, which sur- 
rounds the body of the 
animal as in a - black 
cloud, and so protects 
it from the pursuit of 
larger marine animals. 

^J'he Cephalopoda are 
diuHjious. Males and 
females present external 
sexual diflerences which 
principally concern a 
particular arm. Accord- 
ing to the discovery of 
Steenstrup, one of the 
arms in the male always becomes modified, hectocotylized as it is 
called, as an intromittent organ. The two sexes of Argonauta differ 
* considerably, inasmuch as the small male has no shell. 

The sexual glands lie freely in the body cavity. Their products 
are dehisced into the body cavity, from which they are taken up and 
conveyed to the exterior by special ducts. The ovary is unpaired a^id 
racemose, and the oviduct is a double (Octopoda) or unpaired 
(usually left) duct opening into the mantle cavity ; it receives in its 


heart, generative organs, etc., but in the 



Fm. 687. — Anatomy of the body of a female Si^pia (after 
C. Grobben). Ov, ovary in ite cavity (bofly ca\ ity) which 
is laid open ; Od, oviduct ; Cr, the same ; Od I), 

ovidncal gland ; Jfd, nidamental ghmd ; AJi, accessory 
nidameiital gland ; A, kidney ; U, uret-er; Li-, canal of 
the body cavity (water canal); A'A, branchial heart ; Khu, 
pericardial gland (appendage of branchial hou-t); K, gills; 
Af, anus ; G$t, stellate ganglion. 
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CDurse a round gland, and its terminal portion possesses glandular 
walls. In addition, the so-called nidamental glands (fig. 537) are 
present in the Decapoda and Nautilus ; they open into the mantle 
cavity near the generative opening and secrete a cementing substance 
which surrounds and unites together the eggs. The eggs are sur- 
rounded — either singly [^Argimmia^ Octopus) or in great number 
{Sepia ) — by capsules with long stalks, which are united together in 
racemose masses (so-called sea- grapes), and fastened to foreign objects 
in the sea. In other cases the eggs are aggregated in gela- 
tinous tubes 
{LoligOf Se~ 

'piola). 

The male 
generative 
apparatus 
presents a 
similar ar- 
rangement 
(fig. 538, a). 

Tlie testis (7") 
consists of 
an unpaired 
gland formed 
of long cylin- 
dric^il tubes. 

The duct of 
the testis is 

Pro. TiSSa. — Mule sexual organs of Sepia oflicinaliif (after qjj 

Duvernoy), ruoilified from C. Grobbeu. r, testis, with ^ ^ ^ 

ii piece of poritoneuiu ; 7’«, opening of the testis into the left side and Pio. O.TS ft.— 
boily cavity; Vd, vas deforeus; O, <»i)enmg of the vas ooiled S perm at o- 

deforoiis into the body cavity ; Fa, voaicula seminal is; ‘ ^ ])hore of ^Vynf/ 

Pr, ))Tostate ; Sp^ Hptiriuato]ihore reservoir ; Oe, sexual aild COmpli - (after M. E«1 
upouing. wards). ’ 

following parts may be distinguished in it : (1) a much coiled vas 
deferens {Vd), which opens into the bofly cavity, (2) a long dilated 
vesicula seminalis (F«) with two prostatic glands {Pr) opening into 
its terminal portion, (3) a spacious sac, known as Needham’s sac, in 
which the spermatopliores are formed, and which opens into the 
mantle cavity at the apex of a papilla placed on the left side. 

In copulation the large spermatophores (tig. r»3.S, h) are introduced 
by means of .the liectocotylised arm into the female sexual opening. 
In some Cephalopoda {Tremoctopus violaceus, PhUonexis Carenoe, and 
VOL. II. b 
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Argonauta argo) the hectocotylised arm of the male appears as an 
individualized intromittent organ which is filled with spermatophores, 
then separates from the body of the male, moves about for a time 
independently, and finally conveys the semen into the mantle cavity 
of the female (fig. 539). 

The development'*' of the egg is introduced by a discoidal (partial) 
segmentation which takes place at the pointed pole of the egg. As 
in the bird’s egg, the segmented portion of the ovum (formative yolk) - 
gives rise to a germinal disc which in the subsequent growth is 
raised more and more from the lower part of the blastoderm which 
forms the yolk sac. Soon several projections appear on the embryonic 

rudiment (fig. 540) ; first in the 
centre of the germ a flattened 
ridge is formed around a cen- 
tral depression (Jf) which it 
soon grows over. This is the 
mantle [the depression is the 
so-called shell gland]; on each 
side of it the two parts of the 
funnel appear (Tr), and between 
these and the mantle the gills 
{Br). Also laterally but ex- 
ternal to the folds of the funnel 
the first traces of the head ap- 
pear as two pairs of elongated 
lobes, of which the external an- 
terior pair bears the eyes. On 

Fjo. 539.— Male of Arqmianta aryo (after H. the OUtei* edge of the disc papilli- 
Miiiier). i/c, hoctoootylisea anu. form structures are formed, the 

first rudiments of the arms. In the later growth of this absolutely 
symmetrical embryo the Cephalopod form becomes more and more 
apparent; the mantle projects considerably, and grows over the 
gills and two parts of the funnel, which fuse to form the definitive 
funnel. The cephalic lobes grow together between the mouth and 
funnel, and on their oral sides become more sharply constricted off 
from the yolk, which with a few exceptions persists for some time 
as a yolk sac (fig. 541). 

The Cephalopods are marine animals, some frequenting the coast and 
others the high seas. They feed on the flesh of other animals, 

* Cf. besides van Beiieden and Kdlliker ; Ussow, •* Zoologisch-embryologische 
Cntersucbnngen.” Arcliivfiir Naturgesch,y 1874. 
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especially Cruutaom. Some of them attain a great size. The flesh is 



Fro. .MO.—Einbi'yonic ilevelopmont of Sppia 
iialig (after Kolliker). a. View of germinal 
ditic from above, commencing embryo lying ou 
the yolk, /fr, gille ; Tr, folde of the funnel ; 


eaten, and the coloiuing matter 
of the ink-sac (sepia) and the 
dorsal shell {os sepice) are used 
by man. The remains of Cepha- 
lopods occur in all formations 
from the oldest Silurian and 
constitute important charac- 
teristic fossils {BelcmniteSf Amr 
monites)* 


Order 1. — ^Tetrabranchiata."' 


Cephalopoda with four gills 

in the mantle 

cavity and nu- f \ 

merous retractile i 

tentacles on the w\f\ /Va/ 

head^ with split UI 

funnel and \^J . 

many- chambered 
shell ^ 


The append- |\ J 

ages of the head 
are peculiar. In 
plm* of the arms % 
there are a num- 
her of filiform LT*"' 
tentacles round k 6 inker) . jj$, 
the mouth. In 
Nantilns there are on each side 
of the body («) nineteen ex- 
ternal tentacles, of which the 
dorsal pair constitutes a kind of 
hood which can close the orifice 
of the sliell; (ft) two ocular 
tentacles on each side near the 


Frrx. 641.— Aim 
rijie embryo 


Kollikor). 
yolk sac. 


ec, eye ; ilf, mantle, b. Somewhat older ntage. 
Been from the front. D, yolk ; KV, anterior ; 
A'/", posterior cephalic lobe ; 0, month, c, later 
stage from the side. 1*4, first rudiments of 
the artUB. d, older stage from the front. 5, 
fifth pair of arms, e. Still later stage in lateral 
view The halves of the fhniiel have united. 


♦ Van dcr llocven, “ Beitriitre znr 
Kenntiiiss von Nautilus” (in Dutch), 
Amsterdam, IHijl). 

W. Keferstein in Broun, Classen 
und Ordnungen des Tbien-eiebs. 
Dritter Band, Cephaloi)oda. 1805. 
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eye and (c) twelve internal tentacles, the four ventral of which 
on the left side are in the male modified to form the spadix, an 
organ analogous to the hectocotylised arm. Finally, in the female 
there are on each side, within the latter, fourteen or fifteen ventrally- 
placed labial tentacles. (Fig. 542.) 

The cephalic cartilage, instead of forming a complete ring, con- 
sists of two horse-shoe-shaped limbs on which the central parts. of 
the nervous system lie. The eyes are stalked, and are without a 
lens or other refractile media. The funnel has the form of a lamina 
rolled upon itself, but the edges are free and not fused. There is no 
ink-sac. The branchise are four in number as are also the branchial 
vessels and the kidneys. 



Fio. n42.— (rjsgne aTiimal). 7', tentacles ; P, pupil of the eye ; £'X:, tenuiiial 
chamhur; 7V, funnel; A, chain hers of the sliell; /S, aiphon; Ma, mantle; A/, 
uiiiticle. 


Tlie hinder part of the thick external shell of the Tetrabranchiata 
is divided by cross partitions into numerous chambers, which ai-e 
filled with air and are traversed by a siphon. The yhell consists of 
an external, frequently coloured cahtareous layer, and an internal 
mother-of-pearl layei’. The similar structure of many fossil shells 
allows us to infer a similar oT*ganisation for their unknown inhah'- 
tants. The position and structure of the siphon, as well as the form 
of the septa, and the lines of fusion of the latter with the shell 
are important characters for the classification of the fossil Tetra- 
branchiata. The small number of living species of the genus 
NautUm are found in the Indian and Piicific Oceans. 
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Fam. KautilidflB. The septa are simply bent and concave towards the 
anterior chambers. Line of suture simple, witii a few' large wavy cuiwes or a 
lateral lobe. Siphon usually central ; shell orifice simple. OrthocemSy shell 
straight. 0. regulars v. Schl., calcareous strata of the North German plain. 
Nautilus f shell coiled. N, ponipilius L., Indian Ocean. 

Fam. AmmonitidflS. The septa much folded at the sides, always with lobe 
on the outer side, in the middle usually eonvex forwards. Siphon on the 
outer side. Contains only fossil forms. Gonmtites retrofsus v. Buch., 6b*a- 
tites nodosus Bose., Ammonites oaprUsorwus v, Schl. 

Order 2. — Dibranchiata.* 

Cephalopoda with two gills in the mantle cavity^ eight arms hearing 
suckers or hooks, complete f unnel and ink-sac. 

The Dihrayiohiata possess round the mouth eight arms provided 



with suckers or hooks ; in the Decapoda \ here are, in addition, two 
long tentacles placed between the ventral arms and the mouth. The 
cephalic cartihige constitutes a completely closed ring suirounding 
the central parts of the nervous system ; its slightly arched lateral 
parts serve for the support of the sessile eyes. There are only two 
gills in the mantle cavity and the sfime number of bi*anchial vessels 
and kidneys. The funnel is closed. An ink-sac is usually present. 
The shell is in many forms completely absent : in others it is reduced 
to a horny or calcareous dorsal lamella. A spiiully-coiled shell is 

* Chief works ; Ferussac et d'Orbigiiy he., also Verany I c. 
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rarely present. In the female Argonauta (fig. 543) there is a single- 
chambered spiral shell with thin walls ; in Spirvla (fig. 544) there is a 
multilocular spiral shell, the chambers of which are traversed by a 
siphon. 

Sub-order 1. Docapoda. In addition to the eight arms, there are 
two long tentacles between the third and fourth pairs of arms 
(ventral). The suckers are stalked and provided with a horny rim. 
The eyes are without a sphincter-like lid. The mantle bears two 
lateral fins, and at the mantle edge a well-developed 
apparatus for closing the mantle opening. An internal 
shell is present. 

Fam. SpimlidaB. Spimla Peronii Lam., Pacific Ocean. 

Fam. BelemxiitidaB. liejemnitps digitalut Voltz, Upper Tjas. 
Fam. Myopiidas. With closed cornea and covered Icn*!. 
Sppia officinalis Lam., Loligo vulgaris Lam., ModitciTanean 
(fig. 631). tStpifila wlgnris Grant., Mediterranean, llossia 
nmerosonm F6r. d’Orb., Mediterranean. 

Fam. OigopsidflB. Eyes with widely-opened cornea, so that 
the crystalline lens is exposed and bathed by the sca-watcr. 
Onyc^otmtlm Lichtenstcini F6r., Ovmastrcjyhes todarns d’Orb. 

Sub-order 2. Octopoda. The two tentacles are not 
rvia Penmii present. The eight arms bear sessile suckers without 
(Broun). ^ homy ring, and are connected at their base by a 

membrane. Eyes relatively small, with sphincter-like lid. The 

short, rounded body is without the internal shell, and usually al.-o 
the fin-like appendages. Mantle without cartilaginous apparatus 
for closing mantle opening, and attached to the head by a broad 
cervical band. Funnel without valve; oviduct paired. 

Fam. OctopodflB (fig. 630). Octopus vulgaris Lam., 0. marrojms (fig. 6.36), 
jLlcdone moschata Lam. 

Fam. PhilonezidflB. PHlonejris Carenen Vcr., Tremoctopus rwlaccus Dell. 
Ch., Argonauta argo L. The small male is without a shell (fig. 639). The 
large female possesses fin-like expansions of the dorsal amis, and bears a boat- 
shaped, delicate shell, round the sides of which the arm-fins arc sprciid (fig. .64.3). 
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CHAPTER II. 

MOLLUSCOIDEA. 

Attached hilateral unsegmented animals, with ct'own of ciliated 
tentacles or spirally rolled buccal arms; enclosed by a cell or by a 
bivalve shell, the valves of which are dorsal and ventral: vnth a 
simple ganglion or with several ganglia connected by a pharyngeal 
ring. 

The two groups, Tiryozoa and Brachiopoda, which are included in 
the Molluscoidea were formerly placed amongst the Molluscs, to 
which they do indeed present affinities. With the increase in our 
knowledge of their developmental history, it appears more and more 
probable, not only that the two groups are descended from an ances- 
tral form common to them and the Annelids, but also that in spite 
of the considerable differences between them in the adult state, they 
are in reality closely related, a supposition which agrees with the 
great resemblance of their larvje. Should this view of the close 
relationship of the Bracliiopoda, which are always solitary, with tlie 
Bryozoa, which almost always form colonies, turn out to be well 
grounded, then the tentacnilar crown and the simple ganglion of the 
latter would be homologous with the spiral arms and subuso- 
phageal ganglion of the former respectively. 

Class 1.- BRYOZOA * = POLYZOA. 

Small animals usually united together to form colonies; v'ith 
ciliated tentacular crown, horse-8hoe~sha2}cd alimentary canal and 


The Bryozoa owe their name to the moss-like dendritic appearance 
of their colonies, on which the small individual zooids are arranged 
in a regular manner. The colonies mav, however, have a foliaceous 
or polyparium-like form, or they may form crusts on the surface of 
foreign objects. Solitary Bryozoa are I’are exceptions [Loxo 807 na). 
As a rule the colonies possess a homy or parchment-like, fi’equently 

♦F. A. Bmitt, “Kritisk forteckning ofver Skaiidinavicns Hafs-Biyozoer 
Of vers.” Kongh VHensk. Forha-Tidl,, 1865, 1866, 1867. 

H. Nitache, Beitragc zur Keriiitniss der Bryozocn." Zeit. fur wus. Zool,, 
1869 and 1871. 

J. Barrois, “ Reclierchcs sur I’embryologie des Bryozoaircs.” Paris, 1877. 
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also calcareous, rarely gelatinous exoskeleton, which arises from the 
hardening of the cuticle around the individual zooids. Each zooid 
{zocecium) (fig. 545) is accordingly surrounded by a very regular 
and symmetrical case — the eotooyst or cell ; through the opening of 
which the anterior part of the soft body of the contained zooid with 
its tentacular crown can be protruded. 

The form of the cells, and the manner in which they are connected 
together, are very different in the different groups, and give rise to 
a great variety in the form of the colonies composed of them. The 
cells ai‘e usually completely shut off from each other. With regard 

to their connection, they sometimes 
project obliquely or at a right angle ; 
sometimes they are spread out hori- 
zontally on the same piano ; some- 
times arranged in rows on a branched 
axis. Their openings are usually 
turned towards one side or towards 
two opposite sides. The soft body 
or endocyst (fig 545, E 71 ) is 
closely applied to the inner wall of 
the ectocyst : it consists of an ex- 
ternal layer of cells (niatiix of the 
ectocyst) and of a network of ci’ossing 
muscular fibres (the external fibres 
are transversely, the internal longi- 
tudinally arranged), which are 
uisopiiagus; ii/^,Htoniach ; .<,annH; .Separated from tlio first layer by a 
fnnicuiuB; ^.«,8tatobia8t8; 7'«, ten- homogeneous membrane. On the 

taciilar siieatb ; Ek, ectocyst; /in, , , 

eiuiocy^t; Gy.gangiiou; parieto- inner side of the musculai* layer 
vaginaimu8cie8;ii,a.rctiactoriiiu8cie. is, at least in the fresh-water 

Bryozoa, a delicate layer of ciliated cells which line the body 
cavity. At the opening of the cell the soft endocyst is invaginated 
inwards, and passes thence on to the anterior and extrusible part of 
the body, of which it forms the only investment. In most fresh- 
water Bryozoa this reduplicature of the endocyst is always present 
even when the zooid is pmtruded (fig. 545). The greater part of the 
anterior region of the body, with its crown of tentacles, can, however, 
alwa3"s be protruded from the cell and retracted into it again by 
special muscles traversing the body cavity (fig. 545). 

The disc on which the mouth is placed is known as the lophophore. 
The lophophoie is either circular {JStelmatopoda), or it is drawn out 



Fig. r>4r>. — rivnwUUa rcpenit (after 

AllniiLiiV T T. I iitiIk 11 ill nrA • 
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into two lobes so as to have a horse-shoe shape {Lophopoda^ fig. 545), 
and its margins are produced into a number of richly ciliated ten- 
tacles. The tentacles are simply hollow processes of the body wall ; 
they are provided with longitudinal muscles, and their cavity com- 
municates with the body cavity, from which they are filled with 
blood. They serve both for procuring food (setting up by me^s of 
their cilia whirlpools in the water) and for resph-ation. 

The digestive organs lie freely in the body 
cavity, and are attached to the integument by tlie 
so-called funiovlua and by bundles of muscles. 

The body and tentacular apparatus has been in- 
correctly regai*ded as a kind of individual, and 
oi^posed to the cell or Cytttid, in which it is placed, 
as the Polypid, The mouth is placed in the centre 
of the ciixjular or hor^c-shoe shaped lophopore, and 
a moveable epiglottis-like process, known as the 
epistome, often projects over it. The alimentary 
canal is bent on itself, and consists of (1) an 
elongated ciliated oesophagus often dilated to a 
muscular pharynx ; (2) a spicious stomach, with 
a blind backward prolongation, the hind end of 
which is attached to the body-wall by a cord 
(funiculus), and (3) a narrow intestine, which is 
bent up nearly parallel with the pharynx and is 
tlirected forwards. The intestine opens by the 
dorsally-p laced anus, near but usually outside the 
buccal disc i^Ectoprocta^ fig. 545). In a few forms 
the anus is within the circle of tentacles {E'jndO’ " 

■prod,a), e.g., PeclvidHtM and Loxosoma (fig. 546). 

Heart and vascular system are absent. The Khmaia. 7 v, teubun. 
blood fills tile whole body cavity, through which lar ; o, moutu ; 
it is circulated chiefly b}' the cilia of the body- /f, anus ganglion; 
wall. The whole surface of the anterior protrusible 
part of the body, and especially of the tentacles, serves as a 
respiratory organ. The ciliated canal of the bhidoprocta is to be 
regarded as a kidney. 

The nervous system consists of a ganglion placed on the oeso- 
phagus between the mouth and the aTius. This ganglion in the 
Lophopoda is contained in the cavity of the lophophore, and is 
attached to the oesophagus by a delicate circum-msophageal ring ; it 
sends oft’ numerous nerves to the tentacles and oesophagus. Accord- 
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ing to Fr. Muller there is in Serialaria a so-called colonial nervous 
system which connects the individual zooids of one colony and enables 
them to co-ordinate their activities* Olapar^de * describes the same 
for Vesicudaria^ also for Scrupocellaria scruposa and Bugula (avicu- 
laria). Special organs of sense have not been recognised. 

Many forms of Bryozoa present examples of a well-marked poly- 
morphism. In Serialaria and its allies the joints of the stalk 
represent a special form of individual; they have a considerable 
size and a simplified organization, and serve as the ramified sub- 
stratum on which the nutritive individuals 
are placed. In addition, there are here and 
there joints of the roots which, under the 
form of tendril- and stolon-like processes, 
serve to attach the colony. The peculiar 
appendages known as avicularia and vihra- 
cula, which are modified individuals and 
seem to have the function of food-procuring 
organs, are found in many marine Biyozoa. 
The avicularia (fig. 547, Av) resemble birds’ 
heads and consist of two-armed pincers, 
which are attiiched to the colony near the 
openings of the cells and occasionally snaj). 
They may seize small organisms, e.^., worms, 
and hold them till they are dead; the de- 
composing organic remains are swept into 
the mouth by the currents caused by the 
cilia of the tentacles. The vibracula have 
a similar arrangement, but present in plac;e 
of the snapping beak a long and extremely 
moveable flagelliform fila,ment (fig. 548). 
Finally there are the ovicells (oujcda), each 
of which is filled with an egg; they have 
the form of helmet or dome-shaped appendages and are sessile on 
the zocBcium (fig. 547 Ovz), 

The reproduction is partly sexual and partly asexual; in the 
latter case it may be effected by the so-called statoblasts or by 
budding. The male and female sexual organs are reduced to groups 
of cells producing either spermatozoa or ova, which usually arise in 

* Ed. Claparftde, Beitrage ziir Anatomie and Entwickelungsgeschichte der 
Keebryozoeri.” Znt.f. wufi. Zool., Tom. XXL, 1871. 



Fro. 647. — Iiu<jv\a arirularia 
(afte ' Busk). Te, I’etitaculsir 
cruwn ; Ji, retnictor iniiHule ; 
J), alimentary canal ; F, fuiii- 
culu»; Ar, avicularia; Os, 
(ju8op}iagU8 ; Orz, Clvicullti. 
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So'upocdlaria ferox (after 
Alimaii). Vi, Vibracula. 


the same animals, more rarely in different individuals. The ovai^ies 
which are filled with many ova are placed on the inner surface of the 
anterior part of the body wall ; while the testes with their seminal 
capsules are developed either on the upper part of the funiculus or 
near the point of attachment of the latter to the body wall. Both 
kinds of generative products are de- 
hisced into the body cavity where 
fertilization takes place. From the 
body cavity the fertilized egg passes 
either into a bud of the lx)dy wall 
(AlcyoneUa), or, as in marine Bryozoa, 
into an external appendage, — the 
ooocium. 

The name statoblast (fig. 549) was 
given by Allman to certain peculiar re- 
productive bodies, which were formerly 
regarded as hard-shelled winter eggs, Fio. 648. 
but by him were recognised to be 
germs which are not fertilised. The statoblasts are found only in 
the fresh- water forms. They arise from masses of cells which 
appear principally towards the end of summer on the funiculus 
(fig. 545). They usually possess a lens-like, biconvex form, and 
are covered by two watchglass-shaped, hard ehitinous shells, the 
edges of which are often enclosed by a fiat ring formed of cells 

containing air (float), and some- 
times {Cristatelkb) provided with a 
crown of projecting spines (fig. 549). 

A very important part of the 
reproduction is effected by buds 
which remain permanently attached. 
The process of budding begins very 
early in life, before the development 
of the embryo is completed, and 
gives rise to the formation of 
colonies. Parts separated off from 
produce new colonies (firistatella. 



Fig. 649.— Statoblaate of Ci'intatclla miicedo 
(after AUiiian)- From the surface; 
If, from tlie side. 


the colony are rarely able to 
Lophopus), 

The development is always connected with a metamorphosis. The 
budding always begins in the embryo. In the fresh water forms, 
after the alimentary tract and tentacular apparatus have made their 
appearance, a second alimentary canal and tentacular apparatus aiise. 
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SO that the ciliated embryo still enclosed in the egg membranes repre- 
sents a small colony of two individuals. In the marine chilostomatous 
Bryozoa the fertilized egg passes into the ovicell, which consists of 
a helmet-shaped capsule and a vesicular operculum. Here the egg 
segments and develops into an embryo, which passes out as a ciliated 
larva, and swims about freely in the sea. The irregularly globular 
larva possesses a ring of cilia (fig. 550, a, ft, c). After some time the 
larva attaches itself and develops the tentacular crown. The primary 
zooecium soon produces new zooecia by budding; avicularia are 

developed, 
and final- 
ly, but not 
until after 
the death 
of the old- 
er zoopcia, 
loot fila- 
ments. 

In the Endoprocta the egg develops in 
a brood-pouch placed on tlie oral side of 
the animal. The segmentation is complete, 
and leads to the formation of a blasto- 
sphere ; the endodeim arises by invagina- 
tion, and gives rise to the lining of the 
midgut ; the oesophagus and rectum being 
formed from the ectoderm (fig. 551). The 
mesoderm arises from two cells. The laiwce 
of the Endoprocta possess an alimentary 
canal bent into the form of a horse-shoe, 
and a ciliated collar which is protiuded 
at the front end ; further, they contain a 
bud (fig. 551 e, Kn), as the first rudiment 
of a second individual, and a cement gland at the hind end (/>). 

Other lai’val forms, which are apparently of a very different 
structure, are reducible to the same type — e,g., CypliotumUa 
(fig. 500, c), a larva which is found in all seas, and is, according to 
Schneider, the larva of Memhranijpora pilosa. 

After the winter the contents of the statoblasts give rise to simple, 
non-ciliated animals, which possess, when they are hatched, all the 
paits of the adult animal, at once become attached, and produce 
new colonies by budding. 



F rG.650.— a.Larvu of Vmula reptans 
(after UarroiB). b. Larva of Le- 
pralia (after liarroiH). c, Ci/pho- 
nautes (diagrammatic after 
Hatachok). Of, month ; 
aims; Cb, tuft of cilia; A'a, 
bud. 
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The Bryozoa are for the most part marine, and they attach them- 
selves to stones, Lamellibranch shells, corals and plants. Some 
fre-di-water forms belonging to the genus Cristatella have the power 
of moving about. 

The Bryozoa were widely distributed in the earlier periods, as 
their numerous fossil remains, which increase in number from the 
Jurassic period onwards, prove. 


Order 1. — Endoprocta.* 


Bryozoa with amts within the circle of tentacles. 

In the structure of their bodies and the formation of their colonies 



Fig. 551 — DevolopTueiit of PfdicelUna echinala (after B. Hatachek). ft, Blastospliore with 
Hatteued Hide of endoderni. £<:, Ectoderm ; endodemi ; F/t, sogmeiitution cavitv. 
5, Later Htnj^e in optical median nectiou. One of the two tii’nt mesoderm cells (Mm) which lie 
to tlie rijfht and left of the middle lino is indicated, c. Later stage in optical median section. 
I>r, Cement gland; 0(\ cBsophagus ; .4/, fimt rndiment of the roctnin. d. Young larva in 
o))tical median Hection. A. Atrium ; ///>, rectum ; An, binl. c, Free-swimming larva, 
extended. A, Exoivtory canal ; I, liver cells ; Mm, mosodenn colls. 

tho Endoprocta present simpler, more primitive conditions since they 
retain essentially the organization of the Bryozoan larva. The 
tentacular apparatus of the adult is from its origin directly re- 
ducible to the ciliated crown of the larva. Mouth and anus both 
open within the tentacular circlet into a kind of atrium, which forms 

* Besides Nitsche, cf., B. Hatscliek, “ Knibryonal Kntwickelungund Knospnng 
dor ]*edicelliiia cchinata.” ZeiLfiir wimt. ^ooLj Tom. XXVIIT. 
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a brood-pouch in which the testes and ovaries open and the embryos 
are developed. A pair of ciliated excretory canals is present. 

Fam. Pedioellinidas. Stocks with stolons, on which the long-stalked indi- 
viduals project. Pedloellhui ecUinata, Sars. (fig. 652). 

Fam. LozoBomidsB. Long-stalked solitary animals. Loxosoma Hngnlare Kef., 
L, neajpolitanum Kow. 

Order 2. — Ectoprocta. 

Bryozoa with anus opening outside the tentacular circlet. 

This group includes by far the gi*eater number of the Bryozoa ; 

their structure has been especially referred to in 
the precedent description of the class. The anus 
always opens outside the ring of tentacles, which 
ai*e either arranged in a closed circle or on a 
two-ai'med horseshoe-shaped lophophore. 

Sub-order 1. Lophopoda * (Phylactolsemata 
AUm.). 

Fresh-wat&r Bryozoa (excepting the marine 
Rhahdopleura) with horseshoe-shaped lophophore 
and epistome. 

The Lophopoda are mainly distinguished by 
the bilateral arrangement of the numerous ten- 
tacles on the two-armed lophophore (fig. 553). 
Tliere is always present above the mouth a 
moveable, tongue-shaped process, the epistome, 
whence the name Vhylactola'mata given by 
Allman to this sub-order. The zooids are usually 
of considerable size, and, as opposed to the 
marine Bryozoa, they are all alike {i.e,, there 
is no polymorphism). Tlie cells frequently com- 
municate with each other and give rise to 
eel Tv, Teiitjvcu- ramified, or more spongy massive stocks of 

lai- crowu ; O, mouth ; , , • i 

MD, aJimentJiry canal always tiunsparent, soiuetimes homy, sometimes 
{m€Mnteron)\A,nr\\i»\ softer (either leathery or gelatinous) consistenc^^ 

Oo, ovary; G, gang- \ 

Uoii. otatoblasts are very generally present. 

Fam. CristateUidsB. Free-moving colonicB on the upper surface of which the 
individual zooida are arranged in concentric circles. CrUttatcUa mvredo Cuv. 

Fam. PlumatellidaB. Attached, massive or ramified colonies of fleshy or 
coriaceous consistence. Lophopvs crystaUinus Pall., Alcyonclla funyosa Pall., 
Plumatella repem L. (figs. 545, 653). 

* G. J. Allman, “ Monograph of Fresh-water Polyzoa.” Ray Soc., 1866., 
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Sub-order 2. Stelmatopoda (OjmmolflBinata). 

Bryozoa with diacoidal lophophore, tentacles in a closed drde; 
mouth without epistome. 

The Stelmatopoda are, with the exception of the Fcdvdicellidm, 
all marine forms. They are always without the epiglottis-like 
epistome, and possess a complete circle of less numerous tentacles, 
which arise from a round buccal disc (fig. 547). In many forms, 
as in Alcyofiidiunh gelatinosumj Membranipora p'ilosa^ a flask-shaped 
ciliated canal in the body cavity has been observed ; it opens to the 
exterior near the tentacles, and probably corresponds to the nephridia 
of segmented worms. Statoblasts are only rarely present. The eggs 
usually give rise to ciliated larvae. The colonies are for the most 
part polymorphic, being often composed of root- and stem -cells, with 
vibracula and avicularia. The 
ectocysts are sometimes horny, 
sometimes incrusted with cal- 
careous matter, and present 
great variety of form. 

Tribe 1. Gyclostomata. The 
orifices of the cells wide and 
terminal, without movable ap. 
pendages. Most of the species 
are fossil. The living species 
inhabit the Northern Seas. 

Fam. Crisiade. Colonics erect 
and jointed. Cri}tiaaorHn(a\ji\va., 

Mediterranean and North Sea ; 

C. fihurnea L. 

Fain. Tubuliporidae. The zooecia disposed in continuous rows. Idtnmuui 
atlatitica Forb., Plialangclla palmata Wood, Arctic Ocean. 

Tribe 2. Ctenostomata. Apertures of the cells terminal; when 
the tentacular sheath is retracted they are closed by a circle of spines 
as by an operculum. Stem-cells and root-filaments frequently occur 

Fam. Alcyonidiide. Z(joecia united to form gfil.itinoMs stor-ks of irregular 
form. Alryonidiuni gelatmomim L., Northern Seas. 

Fam. VesicularidfiB. Ihe zooecia project as fret' tubes on the branched, 
creeping or erect colonies. VvaicuXaYio. wna Ij., PuveUti jn’ilicellatu Aid., Nor- 
way, Serialaria Coutinhii^ Fr. Miill. 

Fam. PaludicellidsB. ITresh- water forms. Paludicella Eh renhergii^ Van Ben . 

Tribe 3. Chilostomata. The apertures of the horny or calcareous 



(after Allman). Lp^ Lophophore ; alimeutary 
canal. 
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cells can be closed by a movable operculum or by a sphincter muscle. 
Avicularia, vibracula, and ovicells are often present. 

Fam. CellnlarildeB. Dichotomously branched colonies ; zocecia in two or 
several rows. Cellvlaria Pallas, C. Peachii Busk, Sompocellaria Van Ben. 
S. acnipom L. 

Fam. BicellariidsB. Zocecia conical or quadrangular, bent. Lateral face on 
which the afierture is placed is elliptical, and placed obliquely to the median 
plane of the axis. Biitfvla Oken, B. arieularia L. (fig. 547). 

Fam. KembraniporideB. Zocecia more calcified and united to form an in- 
crusting colony. Mimhi*ampora Blainv., M. pilosta L., Adriatic ; Ltpralm 
pertvHa Esp., Adriatic ; Flmtra mevihrannoca L. 

Fam. Beteporida, Zocecia oval-cylindrical, united to a reticulated colony. 
lietrpora Lam., M. cellnlom L., Mediterranean to the Arctic Ocean. 



Fig. r)rj4.— Anat-oniy of Wnldhthnia o.vntro(iit, (hjou from the ride (after Ilaueoek) Do, Dorsal 
ride; Ve, ventral side of the mantle; St, ]iudnndu ; Jl/a, adilnctor; A/d, divaricator 
At', arriiM: Vir, anterior body wall; Or, uoaophagus; inteHtine ejiding blindly: 0, point 
of ojjeniiig of the liver (/.) ; ?V, funnel of tbo oviduct. 

Class II.— BEACHIOPODA. ' 

Fixed Molluscoidea, with anterior (dorsal) ami posterior (ventral) 
shell-valves f with two spirally-coiled buccal arms. 

The more recent researclies into the dev^elopment have shown tliat 

* R. Owen, “ On the anatoni3’’ of the Brachiopoda.” Tranmct. Zool, Sac.. 
London, 1835. 

A. Hancock, “ On the organisation of the Brachiopoda.” Phil. Trans.. Lon- 
don, 18.58. 

Davidson, “Monograph of the British fossil Brachiopoda.” 18.58. 
Laenze-Duthiers, “liistoire naturellc des Brachiopodcs vivants de la Mediter- 
laiK^c.” A nn. drs. Sc. Aat., 1871, Tom. XV. 

Kowalevski, “llussischc Abhandlung uber Brachiopoden-Entwickelung.” 
Moskau, 1874. 

W. K. Brooks, “ The development of Lingula, and the systematic position of 
tlie Brachiopoda.” Chrsnjteake Zool. Lab. Scient, Pesults. 1878. 
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the Brachiopoda, which have hitherto been regarded as Molluscs, are 
closely related to the Bryozoa, 

The Brachiopoda possess a large body, enclosed in a bivalve shell, 
of which one valve is anterior (dorsal valve), the other posterior 
(ventral valve) (fig. 554). Both valves lie upon corresponding folds 
of the integument (mantle lobes), and are often connected on the 
back by a kind of hinge, above which the usually more arched 
ventral valve projects like a beak. This ventral valve is either 
directly fused with foreign bodies, or the animal is attached by a 
peduncle projecting through the opening of the beak (fig. 554 St). 
The peduncle may, however, pass out between the two valves {Lin- 
gula). The valves of the shell are cuticular structures secreted by 
the skin and impregnated with cal- 
careous salts ; they are not opened 
by a ligament, but 1 y special groups 
of muscles (fig. 554 Md ) ; they are 
closed aUo by muscles which aiie 
placed near the hinge, and piss 
transversely from the dorsal to th^e 
ventral surface through the body 
cavity (fig. 554 Ma). 

The body is bilateral and enclosed 

by the shell ; it possesses two large 

reduplications of the integument., 

the two mantle lobes, which are 

applied to the inner surface of the pio. 555.— Dorsal valve of shell of WoUi- 

shell. The edges of the mantle with tlie brachial skeleton 

" .(after Hjuicock). 

lobes are thickened, and carry very 

regularly-arranged setae. The mantle may also produce within its 
own substance calcareous spicules or a continuous calcareous network. 

The mouth is placed between the bases of the two spiral arms and 
leads into the oesophagus ; the latter passes into the intestine, which 
is attached by ligaments and surrounded by large hepatic lobes. The 
intestine either describes a single bend, or is of considerable length 
and coiled {Discina, Lingula), In the latter case it opens into the 
mantle cavity by an anus placed on one side of the middle line; 
while in the hinged Brachiopoda {Terebralula^ Waldheimia) there is 
no anus, and the intestine ends blindly in the body cavity (fig. 554). 
Sometimes the end of the intestine is continued into a string* like 
organ {Theddium). 

The two buccal arms are supported by a hard framework, con- 
VOL. II. 6 
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sisting of cnltjareous processes of the dorsal valve of the shell (fig. 
555). They have the form of long appendages rolled up in a conical 
spiral on the anterior side of the body ; and • they are traversed, as 
are the labial palps of many Lamellibranchs, by a groove. The edges 
of the groove give rise to close-set and long fringes composed of stiff 


M 



Fia. C66.— Development of ArtfiopQ (after Kowaleveki). a. Larva, the gasitric cavity- of whicli 
hae given rise to the diverticula of the body cavity 7>, gut. 6, Larva with three 

regioiiR or Beginente. r, Larva with four bundles of seta* in the mantle-lobes of the middle 
segment, d, Later stsigo. AttAchod larva with mantle lobes Ijent anteriorly, f. The 
teiitikcles (T) aro developed j Ht, iieduncle. 


P.nd movable filaments, the ciliated covering of which produces a 
strong cun*ent which leads small particles of food to the mouth 
opening. 

The heart is placed on the dorsal side of the anterior part of the 
intestine (stomach). It receives the, blood through a venous trank 
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running on the (esophagus, and gives off several lateral arterial 
trunks. The vascular system is not closed, but is in connection with 
a blood sinus surrounding the alimentary canal, with the lacunje 
of the viscera and with a well-developed system of lacun® in the 
mantle and arms. In the latter the blood is brought into close 
osmotic relation with the water, over a large surface; the inner 
surface of the mantle and tlie spiml arms are, therefore, correctly 
regarded as respiratory organs. 

Excretory organs. — Two, rarely four, canals, which are provided 
with glandular walls and open on each side of the intestine with a 
funnel-shaped aperture (fig. 554 Tr) into the body cavity, and on 
either side of the mouth to the exterior, are to be regarded as kidneys 
(corresponding to the segmental organs of Annelida.) They function 
at the same time as generative ducts^ 
and were called oviducts by Hancock. 

The nervous system consists of a 
circumoesophageal ring on which two 
small siipramsophageal ganglia are in- 
serted. The suboesophageal giinglionic 
swelling of the ring is, however, much 
larger, and from it nerves pass out to 
the dorsal mantle lobe, the arms and ad- 
ductor muscles, and to two small ganglia 
which supply the ventral mantle lobe 
and the peduncular muscle with nerves. 

Sense organs are not known with cer- 
tainty. 

Generative organs. — Tn all probability most Bnichiopoda, as 
Discina, Thecidium and Tcrehratulbia are di<i*cious. The sexual organs 
consist of thick yellow bands and ridges which have a paired arrange- 
ment and project from the body cavity into the lacun® of the mantle, 
and are ihere considerably mmified. The (‘ggs pass from the glands 
into the body cavity, and are conducted to tJje exterior by the ovi- 
ducts (excretoiy organs) whose funnel-shaped internal openings have 
already been mentioned. 

Development (fig. 550). — After a total segmentation a kind of 
gastrula is formed, usually by invagination, and the archenteron 
(^Argiope) becomes divided as in Sagitta into a median cavity, and 
two lateral diverticula which are constricted off and give rise to the 
body cuvity (fig. 556 a, h). The oval larva then elongates and 
becomes divided by constiictions into three segments (fig. 556 5, c), 



Fi«. 557 a. — ijarviv of Lhifjuta (nfto. 
Brooks). 7, Teutaulos ; 0, mouth ; 
/>, canal; Jf, aniiB; L, 

liver ; Si, rudiment of })ec1uuulu. 
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of which the anterior becomes umbrella-shaped, and develops cilia 
and eye-spots ; subsequently it atrophies and gives rise to the upper 
li{f.. A fold is formed on the middle segment ; this gives rise to the 
two mantle lobes, which soon cover the body and a part of the caudal 
segment (fig. 556, d). Four bundles of long setae, which, as in the 
Worms, can be drawn in and protruded, make their appearance on 
the ventral lobe of the mantle of the developing larva. Later the 



'la. 657 6. — Longitudi- 


larva becomes attached and the metamorphosis 
begins. The fixed posterior segment becomes the 
peduncle; the mantle lobes bend forward and 
produce the shell. The bundles of setsB are 
thrown off ; the deposition of calcai'eous matter 
in the shell begins, and the tentacular filaments 
(which are at first arranged in a circle) of the 
later arms make their appearance. In Thecidium 
the inner layer (mesoderm and endoderm) arises 
from masses of cells which are budded off into 
the segmentation cavity. The subsequent meta- 
morphosis of the larva when provided with 
tentacles has been most accurately investigated 
by Brooks for Lingvla^ the larvae of which are 
still free-swimming when the tentacles are being 
developed (fig. 557, «, h). 

At the present day but few Brachiopods are 
found in the different seas, as compared with the 
much larger number in the earlier formations; 


iiai section of ail older species of these fossil Brachiopods have 

larva (after Brooks). ^ m mi 

Do, Dorsal; Ve, veil- great importance as characteristic fossils. The 
trai vjdvBofthesiidi; fossils also belong to the Brachiopoda 

M)\ thKkeiied mantle . i . i n i . 

edge ; r, tentacles ; and certain genera which first appeared in 


mouth ; jifd.Btomacii ; Silurian have persisted to the present day 

Ad, intestine ; M, pos- ^ * r j 

terior muscle j O', gang- (Lingvla), 

lion. 


Order 1. — Ecardines (Inabticulata.). 

Shell without hinge and brachial skeleton. Alimentary canal 
with laterally-placed anus. Edges of the mantle lobes completely 
separated. 

Fam. LingnlidflB. Lingula anatina Lair., Indian Ocean, 

Fam. DiicinidflB. Dueina lamellma Brod., South America. 

Fam. CraniadflB. Crania anomala MUll., North Sea; Cr, rostrata Hoev., 
Mcditerrantaii ; Cr, antiqua Defr., fossil from the Chalk. 
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Order 2. — ^Tssticabdines. 

The shell is calcareous, with hinge and brachial skeleton. The 
intestine ends blindly. 

The exclusively fossil families of the Orthidas and Prodnotidn (JProdmtm 
8av.), the edge of the shells which have no hinge, fonn the transition between 
the two orders, 

• Fam. BhynohonellidsB. Rkynohonella pnttacea Lam., fossil species found in 
the Silurian. Pentamerus Sow., contains only fossil species from the Silurian 
and Devonian formations. The fossil 8piriferidte are allied here {Spirifer 
Sow.). 

Fam. TerehratnlidSB. Thecidium rrtediterranewnn Biss., Waldheimia King; 
Terehratula vitrea Ivam., Mediterranean ; TerebratuliTia caput serpentis L., 
North Sea ; Argiopt Dp. 


CHAPTER III. 

Tunicata* 

Bilaleral, saccular^ or barrel-shaped animals ; the respiratory cavity 
with two wide openings^ between which is plowed a simple nerve 
ganglion. Heart and branchicc are present. 

The Tunicata owe their name to the presence of a gelatinous or 
cartilaginous envelope or mantle (the tuihica externa or testa), which 
completely surrounds the body. The body is saccular (Asddians) 
or barrel-shaped {Salpce), In all cases there is at the anterior end 
a wide opening (figs. 558, 559, 0), which can be closed by means of 
muscles, and often also by valves. Through this opening water and 
nutrient matters pass into the pharyngeal cavity, which also serves 
as a respiratory organ. At some distance (Asddians) from this first 
opening, or at the opposite end of the body (^alpce), there is a second 
opening (figs. 558, 559 A), which can also be closed; this serves as 
the exhalent opening of the cloacal cavity (HI), which communicates 
with the pharyngeal cavity. 

* J. C. Savigny, “ Mdmoires but les animaux sans vert^bres, II. ” Paris, 
1815. 

Chamisso, “ Dc animalibus quibusdam e classe Vermuim.” Berlin, 1819. 

Milne Edwards, “ Observations sur les Ascidies comi)Os6e8 de edtes de la 
Manche.’* Acad, 8e, Pari^, 1839. 

A. Kowalevski, “ Weitere Studien iiber die Entwickelung dcr ciufachen 
AscidiciJ.” Arch, fur mihr, Anatomit;, Taf. VI., 1870. 
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The integument is sometimes gelatinous and sometimes of leatheiy 
or cartilaginous consistency, and is often clear as ciystal or trans- 
parent, but sometimes opaque and variously coloured. The outer 
surface is smooth or warty, sometimes spiny or felted. This external 

integument, which completely 
envelopes the body, is called the 
external mantle {tunica), and was 
formerly regarded as a sort of 
shell and compared to the bivalve 
shell of the Lamellibranchs. This 
view seemed to be supported 
by the interesting discovery of 
Lacaze-Duthiers* that there are 
Ascidians in which the stiff 
cartilaginous tunic is split into 
two separate valves which can 
be closed by special muscles 
{ChevrevUus), As a matter of 
fact, this is simply an external 
analogy, for the mantle space 
corresponds to an atrial cavity, 
and the branchial sac to the 
pharyngeal sac. The substance 
of the mantle arises as a cuticu- 
lar excretion; it consists of a 
matrix containing cellvlose and 
cells, and therefoi*e with respect 
to its structure is a kind of 
connective tissue. In the colonial 
Tunicates the external mantles 
of all the individuals may fuse 
F1Q.66S.— c/awcW<na.tei.adi/oj</ji«(r^gueaiiiinai), together to form a common 

somewhat diagraiumativ. 0, Mouth ; Br^ gills ; xj^ass. 

Eiul, eudostyle ; Oe^ (esophagus ; nervous 
centre; stomach; X{,cloacal Bpa(»; 



Beneath the saccular mantle 


exhalent pore ; 0/), genital gland; l^gdy wall of the animal, 

Gff, genital duct , stolons. outer cellular layer of which 

is applied to the mantle and represents the ectodermal epithelium 
which has produced the mantle and also the subjacent so-called 
internal mantle layer. Within the latter all the organs of the 


* Lacazc-Duthiers, “ Sur un nouveau d’Ascidien.” 
Scr., Tom. IV., 1865. 


Ann. d(‘8 Sc. Nat. V«. 
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body, — the muscles, nervous system, the digestive apparatus, the 
generative and circulatory organs, — lie embedded in a kind of body 
cavity. 

The nervous system is confined to a simple ganglion, the position 
of which near the inhalent aperture marks the dorsal surface. The 
nerves which radiate from the ganglion branch and pass, some to 
the muscles and viscera, some to the sense organs — such as eyes, 
auditory and tactile organs — which are found principally in the free- 
swimming Tunicates. 

The muscular system is chiefly developed around the respiratory 
cavity, and serves for the dilatation and contraction of this space as 
well as for closing the inhalent and exhalent pores. In the Ascidians 
there are three layers of muscles, an external and internal longi^ 



Fia. .559 . — Salpa democratica from the side, somewhat diasnrnmmatic. 0, Mouth ; Ph, pharyngeal 
cavity; Kl, cloaca: exhalent opening; Br, gills; nervous centre; Jl/a, mantle; 

M, muscular rings ; X, languet ; JK6, ciliatetl arc ; End, endostyle ; Wr, ciliated groi>vo 
Nu, nucleus ; C, heart. 

tudinal and an internal circular layer, while hi the Salps tliere aio 
band-like rings of muscles embedded in the substance of the body- 
wall, and effecting not only the renewal of the water used in 
respiration, but also the movements of the free-swimming barrel- 
shaped body. A special organ of locomotion is present in the small 
Appendityularia and the free-swimming Ascidian larvae ; it is placed 
on the ventral surface as indicated by the position of the hesirt, and 
consists of a vibratile whip-like caudal appendage supported by a 
notochordal rod [urochord). 

The alimentary canal begins in all cases with a wide pharyngeal 
cavity, which functions as a respiratory organ. The anterior mantle 
opening, which must be looked upon as the mouth, leads into this 
cavity. The oesophageal opening is placed at a distance from the 
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mouth inside this respiratory cavity, which in the Ascidians has 
the form of a latticed branchial sac. A ciliated groove bounded by 
two folds extends along the middle ventral line of the pharyngeal 
cavity, between the mouth and the opening of the oesophagus. The 
glandular walls of this ventral groove are distinguished as the endo- 
style (hgs. 558 and 559, End), It begins with two lateral ciliated 
aixjs, which unite to form a complete ring near the inhalent aperture 
(mouth), and somewhat in front of the ganglion pass over a small 
cone projecting into the pharyngeal cavity. 

The digestive canal which follows the pharyngeal cavity consists 
of a ciliated oesophagus, which is usually narrowed into the form of 
a funnel ; of a stomach, usually provided with a liver ; and of a small 
intestine, which bends round, forming a loop, and opens into the 
cloacal cavity. 

There is always a heart, which is placed on the ventral side of the 
intestine and is surrounded by a delicate pericardium. The con- 
tractions, which are active and regular, pass from one end of the 
heart to the other. 

The sudden change in the direction of the contractions (discovered 
in the Salps by Ilasselt), by which after a momentary period of rest 
the direction of the blood stream in the heart is reversed, is worthy 
of note. The vascular trunks (lacunie) passing from the heart lead 
into a system of spaces in the J)ody wall through which the blood 
passes. In the Ascidians there are also vascular loops in the mantle, 
in that diverticula of the body wall, containing blood and covered 
with epidermis, project into the mantle. Two principal channels 
for the blood are placed in the middle line — one on the dorsal side, 
and the other on the ventral beneath the ventral groove ; they are 
connected by transverse channels placed in the wall of the branchial 
cavity. The latter communicate with the blood spaces of the 
variously-shaped bi*anchia, which is formed by the walls of the 
pharjmx, and over the surface of which the water is continually 
renewed by means of the vibratile cilia which cover it. In the 
Ascidians almost the entire wall of the phaiynx takes part in the 
formation of the gill. In these animals the pharynx has the form 
of a sac with net-like walls — i.e., its walls are perforated by a number 
of slits, which lead from the pharynx into a chamber which is de- 
veloped lound it. This chamber is derived from the cloacal cavity, 
and is known as the perihromchial chamber. The branchial sac or 
pharynx is fixed to the walls of the peribranchial cavity along the 
whole length of the endostyle, and by numerous short trabeculsa 
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which pass from the bars of the branchial network to the outer wall 
of the peribranchial chamber. In other cases, the number of gill- 
slits is considerably reduced, and the gill is confined to the dorsal 
part of the pharyngeal wall {Doliolvmy Salpa), 

(Generative Organs.— The Tunicates are hermaphrodite ; the male 
and female generative products, however, often attain maturity at 
different times. The Salps especially, at the time of their birth, 
have only the female organs, and it is not until later when they 
are pregnant that the male organs attain maturity. In Peropliora 
the testes become mature first, in the BotryUidoB the ova. The testes 
and ovaides lie, as a rule, among the viscera in the hind part of the 
body. The ovaries have the form of racemose glands, the testes of 
blind tubes united in tufts. The generative ducts of both sexes 
open into the cloacal chamber, in which (rarely in the place where 
the germs originate) the fertilization of the ovum and the develop- 
ment of the embryo takes place. The embryo either leaves the 
cloacal chamber through the exhalent aperture while still enveloped 
by the egg-membranes, or is nourished by a sort of placenta and 
born at a more advanced stage of development {Scdpa). 

In addition to the sexual reproduction, the asexual reproduction 
by means of budding is very general, and frequently leads to the 
formation of colonies with very characteristic grouping of the indi- 
viduals. The budding sometimes takes phice on different parts of 
the body, sometimes is confined to definite places or to a germ-stock 
(stolo prolifer). The colonies thus produced do not by any means 
always remain fixed ; but, as e,g,, PyroBoma, may possess the power of 
moving from one place to another, or, as in the Salp-cliaina^ they can 
swim tolerably rapidly. 

The embryonic development of the Ascidians presents a great i o- 
semblance to that of the lower Vertebrates, and more especially to that 
of Amphioxua. After the completion of the total segmentation a two- 
layered gastrula is formed, from the ectcnlerm of which the neural tube 
is developed. At the same time an axial skeletal structure, like the 
chorda dorsalis, arises from a double row of endoderm cells. The 
relative positions of the alimentary canal, the nervous system and the 
notochord are analogous to those of the Vertebrates. 

The post-embryonic development of the Ascidians is complicated. 
The embryos leave the egg-membranes as movable larvae (Ascidian 
tadpoles) provided with a swimming organ (tail) and an eye-spot. 
They swim about freely for some time, and in many cases produce a 
small colony by budding before becoming fixed. In the Salpa and 
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Doliolum there is an alternation of generations, which was discovered 
in the case of Doliolum by Chamisso long before Steenstrup. The 
solitary Salp, developed from the fertilized ovum of the viviparous 
sexual form remains asexual all its life, but from its stolo prolifer 
chains of Salps are produced, the individuals of which differ consider- 
ably in form from the asexual animals and arei sexual. In Doliolum 
the alternation of generations is much more complicated, inasmuch 
as several generations succeed one another in the cycle of develop- 
ment. 

All the Tunimta are marine animals and feed on Algm, Diatoms ^ 
and small Crustacea, Many, and especially the transparent Ptfroso- 
midm and Salpidae^ are phosphorescent, emitting a beautiful and 
intense light. 


CLASS I.— TETHYODEA* (Ascidians). 

For the most part fixed Tunicata with saccular bodies. The inhalent 
•and exludent pores a/re plaxed close together ^ and the branchial sac is 
large. Development by means of tailed larvae. 

The body of these animals, as the name Ascidia implies, has the 
form of a more or less elongated tube or sac with two openings, which 
are usually close to one another ; of these openings the anterior is the 
mouth and the posterior the cloacal opening. More rarely, as in the 
Botryllidce and the fi'ee-swimming Pyrosomidae, the two openings are 
placed at a considerable distance from one another at the opposite 
ends of the body. The mouth can be closed by a sphincter muscle, 
and in many cases by four, six, or eight marginal lobes (fig. 560). 
The edge of the exhalent opening, which can also be closed, and which 
is placed behind the mouth on the neural (dorsal) side, is often 
similarly divided into four to six lobes. The spacious pharynx which, 
as a rule, has the form of a latticed branchial sac, contains at some 

* Besides the already quoted works of M. Edwards and Savigny, Cf. J. C. 
Savigny, “ Tableau systemathjue des Ascidics, elc.” Paris, 1810. 

Eschricht, “ Anatomisk Beskrivelse af Cbelyosoma Mac-Ley anum.” Kjbvcn- 
havn, 1842. 

Van Benedcn, “ Recherclies sur I’Embryog^iiie, PAnatomie et la Physiologic 
des Ascidies simples.*’ Mem. de VAead. roy. de Belgique^ Tom. XX., 1840. 

A. Krohii, ** Ueber die Entwickelung von Phallusia mammillata.” Muller's 
Archie^ 1852. 

A. Krohn, “Ueber die Fortpflanzungsvcrhaltnisse bei den Botrylliden und 
Uber die friiheste Bildung der Botryllusstocke.” Arehiv fiir A^aturyeschiolite. 
Tom. XXXV., 1869. 

Th. Huxley, “ Anatomy and development of Pyrosoma.” Trans, Lin, Sec.^ 
Vol. XXIII., 1869. 
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durtanoe from the mouth a circle of usually simple tentacles. On the 
neural side of the branchial sac is the cloacal cavity which receives 
not only the water flowing out through the branchial slits, but also 
the faeces and the generative products. The digestive canal, together 


with the other viscera, is some- 
times placed as in all the simple 
Ascidians rather to the side of 
the branchial sac or, as in the 
elongated forms of the compound 
Ascidians, simply behind the 
same, and in the latter case 
often occasions a constriction of 
the body, so that Milne Edwards 
was able to distinguish a thorax 
and abdomen, or even a thorax, 
abdomen and post-abdomen. 

The Ascidians either remain 
solitary, and then usually attain 
a considerable size {A. solitarioi), 
or by budding and throwing 
out root-processes they produce 
blanched colonies, the individuals 
of which are connected together 
by their body walls, and are not 
embedded in a common mantle 
covering (A, sociales). In other 
cases (Synascidice) numerous in- 
dividuals live in a common man- 
tle ; they often have a charac- 
teristic arrangement around a 
common central opening {A, 
compositce), so that each group 
has its central cavity, into which 
the exhalent {i,e. atrial) openings 
lead as into a common cloacal 
cavity (fig. 561). There are 
solitary {Appmdicularia) as well 


0 



Fig. 560. — C^avellina lejnudiformU (rcgiie ani- 
mal). somewhat diagrammatic. 0, Muntli ; 

bronchia* ; End, eiidostyle ; Oe, o 
O, nervous centre ; MV, stomuch ; Kl, cloacal 
chaml»cr; .d, exhalent pore; Jf, anius; QV, 
genital gland ; Gy, duct of genital gland ; 
stolouH. 


as compound Ascidians (^Pyrosoma) which can move freely. The 


solitary Appendicularim execute the most perfect swimming move- 


ments. In their external form they resemble the free-swimming 


Ascidian larvae, and like these they have a whip-like swimming 
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tail, which by its undulating movements propels the body 
forward. 

In order to understand the structure of the Ascidians, it will be 
well to start from these simply organised forms. The most striking 
character of the Appendicvdariaf next to the possession of the 
ventrally-placed swimming tail with its notochord-like skeletal axis 
(urocAord), consists in the absence of a cloacal chamber for the 
reception of the excreta. The anus is placed in the middle line of the 
ventral surface ; further, there are two funnel-shaped atrial canals 
which begin on either side with a strongly-ciliated opening 



into the pharyngeal sac, and open 
to the exterior right and left, 
usually rather in front of the 
anus. These branchial passages 
arise as invaginations of the ecto- 
derm, which come into connection 
with corresponding evaginations 


of the pharyngeal sac. The in- 



troduction of nourishment is 
regulated by two ciliated arcs, 
which begin at the front end of 
a short endostyle, surround the 
entrance of the pharyngeal sac, 
and run obliquely towards the 
dorsal surface, where they unite 


to form a median row of cilia 


(composed of two rows of ciliated 

Fio. bQ\.—BotryU\i» viofacnm (after M. Ed- Cells). Tho latter paSSeS back 
wards). 0, Mouth; A, coimuou cloacal the opening of the (Bsophagus, 
oi>euiiig of a group of iudividuals. . ^ ° i 

opposite a narrow ventral ciliated 
liand, which begins at the hind end of the endostyle (fig. 562). 

The Ascidian larvae {Phallusia) also have, as Krohn long ago 
discovered, two branchial slits with corresponding atrial passages. 
The latter, according to Kowalevski, arise as invaginations of the 
ectoderm, and later on unite on the dorsal side, and then open by a 
common cloacal orifice. The ectodermal lining of the atrial cavity, 
w’hich grows round the sides of the pharyngeal sac, consists, therefore, 
of a branchial layer which is applied to the pharynx, and a parietal 
layer which forms the internal lining of the outer wall of the peri- 
branchial or atrial cavity. The atrial cavity extends round the 
pharynx as far as the sides of the endostyle. The wall of the 
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pharynx becomes perforated by an ever-increasing number of slits, 
and thus gives rise to the branchial basket-work. 

The special form of the branchial basket-work presents numerous 
modifications of systematic value. Not only is the external surface of 
the branchial sac attached to the body-wall by trabeculse and bands, 



Fi&. h&2.—Afiih>ndic)ilarm (Fritillaria) f areata, a, From the ventral side with thf tail bent 
foiwaitis. t/D, Genital glands; Mf lonsuies of the tail, b, From the ventral aide after 
the caudal appendage has lieen removed. 0, Mouth; End, endostyle; Sp, the two 
ciliatml passages of the phalangeal cavity ; D IT, the dorsal row of cilia ; Oe, oesophagus ; 
MU, stomach ; Jf, anus; Dr, glands ; C, heart; Oe, ovaiy ; T, testis. 

through which the blood passes, but the internal surface also often 
presents folds and projections of varying form. Similarly the 
branchial openings with which the wall of the pharynx is pierced 
differ in size, number, and form ; they may be rounded, elliptical, or 
even spirally coiled. 

The ciliated arrangements in the perforated branchial sac of the 
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Ascidians correspond to those of the AppendicularicB^ and consist of 
the so-called endostyle with the ventral groove and the two ciliated 
arches. 

The ciliated oesophagus is short and funnel-shaped, and leads into 
a dilated portion distinguished as stomach, whose walls have a 
layer of large entodermal cells and are complicated by the presence 
of fold-like projections. Glands, which are sometimes follicular^ 
sometimes composed of bundles of tubes, or of tubes united in a 
network, lie upon and open into the stomach ; they are generally 
known as * liver, but would be better called hepatopancreaa. The 
small intestine which follows the stomach is of considerable length, 
is usually bent on itself (hasmal curvature), and is continued into a 
short rectum (piriform in Appendicularia), which opens into the 
cloacal chamber. Besides the glands already mentioned, a gland -like 
organ has been found in many Ascidians : as thei‘e is no opening to 
this gland, the concretions found in its lumen are probably not in 
general removed. It may, perhaps, be regarded as a kidney, since 
KupfFer t has shown that uric acid is present in the concretions. 

The heart is placed on the ventral side of the intestinal canal. 
It is a contractile tube, each end of which is prolonged into a vessel. 
In the Appendiculariixi (Copelata) the heart is placed transversely, 
and is pierced by only two slits. The so-called vascular system of 
the Ascidians consists of a rich nct-like system of lacunse, which 
cannot, however, be said to have special walls. 

The nervous system is reduced to an elongated ganglion (cerebral 
ganglion) placed on the dorsal side of tlie branchial cavity. From 
this ganglion nerves are given off, esjTecially forwards towards the 
entrance of the pharyngeal sjtc; but unpaired sense nerves and 
lateral and posterior nerves also arise from it. In the Copelata and 
Ascidian larvsB the cerebral ganglion is more complicated. In these 
animals it has the form of a cord, primitively containing a cavity, 
and divided later by constrictions into three regions, and is connected 
with ganglia in the tail (fig. .563). The anterior conical part of the 
brain gives off paired sensory nerves to the region of entrance into the 
branchial sac ; on the median globular part are placed the auditory 
vesicle and a stalked ciliated organ ; while the attenuated posterior 
part gives off two lateml noi’ves to the atrial canals, and is prolonged 

* Th. Chandelon, “Rcchcrches sut une annexe du tube d igestive des Tuniciers.” 
'Bull, dfi Vacad. roy. de Bvlyique.^ Tom. XXXTX., 1875. 

t Cf. Besides Kowalevski l.c. Kupffer, Zur Entwickelung der einfaclicn 
Ascidien.” Arch, fur inikr. Anat,^ Tom. VIII. 1872. 

Iiacaze-Duthiers, Arch, de Zool. carperim., 1874. 
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into a long nerve, which at the base of the tail dilates to a ganglion, 
and in its further course forms a number of smaller ganglia (fig. 
563). The reduction of the central nervous system to the simple 
ganglion of the Ascidian begins after loss of the tail, and after 
development of the branchial basket. 

Of sense organs the processes of the integument which serve for 
tactile purposes (the lobes of the oral and atrial apertures and the 
tentacles), and peripheral nerves, ending in epithelial cells, are most 
widely distributed. The large ciliated cells on the edge of the 
mouth of the Copelata must be placed in the same category. Tlie 
ciliated pit is to be regarded as an olfactory organ. It consists of a 
depression in the wall ^ 

of the pharynx lined 
with ciliated cells, and 
is situated in front of 
the ganglion. Accord- 
ing to Julin, it is, to- 
gether with a gland 
situated beneath the 
ganglion, to be regarded 
as the equivalent of 
the hyjjojdiysis. In the 
Copelata the ciliated pit 
is elongated and lies on V 

the right side of the 

ganglion. TV 

There is an auditory Bystem of Appcndlrvlaria (FriflUnvia 

^ fnrro.fa (after Ganglion ; jV, boily nerve ; JV', 

vesicle on the left side lateral nerve ; Ot, otolitli voBii;Ie ; Jiff, olfiM;t«»ry pit ; 2'z, 

of the ganglion in the t^ictile cell* with their nerve ; IF6. ai-ch of cilia. 

Copelata, This structure, which is developed from a cell of tlie w«ll 
of the ganglion, is found in the Ascidian larvae, but degenerates soon 
after the attachment of the larva. Faired auditory vesicles appear 
in PyroHoimi where they are connected with the ganglion by a short 
stalk. 


Masses of pigment which are present with great regularity on the 
lips of the large openings of the body in the simple and compound 
Ascidians may be interpreted as eye spots. The eye of the Ascidian 
larvae, which lies on the ganglion and originates from a part of the 
neural canal, hiis a more complicated structure. Later it degenerates, 
but in Pyroaoma it is retained in the adult condition and possesses a 
lens-like structura. 


TUNICATA. 


The generative organs are always united in the same animal. 
The formation of villi on the surface of the egg-membrane by the 
follicular cells surrounding the ovum is remarkable. The origin of 


Pio. 5C4. — Develo^mient of Phtdlmia nuimmillata (after Kowalevski), a, Blastosphere beginning 
to invaginate ; FA, segmentation cavity. A, Gnetr\ila with blastoitore (0) -. Ed, endoderm ; 
Ch, commencing notochord (urochord). c, I^ater stage. Ek, Ectoderm ; N, rudiment of the 
still open neural canal, d, Stage with body and tail ; Ed', endodermal layer in the tail ; 
M, muscular cells in tail, e. Just hatchetl larva ; Hg, anterior swelling of the spinal division 
of the neural tube ; Rm, (losterior part of neural tube ; Gb, dilated anterior part of neural 
tube (cerebral vesicle), with otolith projecting into it; F, opening of Gb’, A, eye; 0, in- 
vagiuation of mouth ; Ph, pharyngeal cavity ; Ed, endostyle ; D, commencing intestine ; 
A ^ atrial oiiening; Bl, blood corpuscles; Up, papilla for attachment, f. Two days’ larva 
(only the beginning of the tail is represented) ; ^As, branchial stigmata : A6, branchial 
vessel between them ; B, intestine. 

the so-called test-cells (follicle-cells which have migrated inwards) 
over the substance of the yolk on the inside of the egg-membrane, is 
also worthy of note. 
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Development. — ^The segmentation is complete, and leads, according 
to Kowalevski, to the formation of a blastosphere as in Amphi- 
ozus (fig. 564). The wall of the blastosphere then begins to 
invaginate. After the completion of the invagination the blastosphere 
becomes a gastrnla, with the remains of the segmentation cavity 
between the ectoderm and entoderm (fig. 564, Fh), The month of the 
gastrnla is at first wide, but soon becomes narrower and narrower, 
until finally it becomes transformed into a small opening placed on 
the dorsal surface at the hind end of the body. A fiat median groove 
on the ectoderm appears along the dorsal side of the already bilaterally 
symmetrical embryo extending from the blastopore forwards. This 
groove, into the hind end of which the blastopore opens, is the first 
rudiment of the central nervous system. It is known as the medullary 
groove. Its edges project find form the medullaiy folds which gi*ow 
round and clo.-e the naiTOW blastopore, and gradually fuse with one 
another from this point forwards in such a manner as to convert the 
groove into a canal, the walls of which separate froni the external 
ectoderm and give rise to the central nervous system. This canal is 
known as the medullary canal ; behind it is shut off from the exterior, 
but communicates with the cavity of the gastrula (archenteron) by 
way of the blastopore (fig. 564 c), which is now known as the 
neurenteric canal ; while in frf)nt it remains open for some time. 
Before these processes are completed two rows of the endoderm cells 
of that part of the gastric wall which immediately underlies the 
neural tube become diflerent fi*om the remaining endoderm cells and 
give rise to the first rudiment of the notochord. The anterior part 
of the archenteron only gives rise to the pharynx and intestine 
(fig. 564, e\ while the posterior part furnishes the cell material not 
only for the notochord, but also for the muscular system and the 
blood corpuscles. It may accordingly be asserted that the meso- 
dermal organs in the Asci<lians arise from the entoderm, which is as 
good as saying that the hinder half of the gastral sac has the value of 
mesoderm. 

In the further course of development the somewhat elongated 
spheroidal body grows out at the posterior and inferior end, opposite 
to the blastopore and rather to the right,* into a tail-like prolonga- 
tion, the axis of which is formed by the cells of the notochord (at this 
period arranged in a simple row). The neural canal is prolonged into 

* In A, mammiUata, according to Kowalevski, on the contrary, this growth 
takes place at the other end towards the left, and therefore agi’ees with 
that of Amphiojrm, 
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the tail dorsal to the notochord. The tail, thus developed, becomes 
bent and applies itself to the side of the body opposite to that on 
which the nervous system is placed (Pig. 6646). Subsequently the 
skin begins to thicken at the anterior end and gives rise to three 
papillae, the future papillae for attachment. The rudiment of the 
nervous system, on which two pigment spots provided with refractive 
organs make their appetirance (eye and auditory organ, fig. 564e,/), 
is converted at its anterior extremity into a vesicle and is continued 
above the chorda into the tail (as a cord with a central canal) (uf . 
oanma). 

The branchial sac, still closed and formed of columnar epithelium, 
lies close to the nervous system : it is separated from the ventral 
wall of the body by roundish uncoloured cells, which are probably 
the formative elements of the blood and of the wall of the heart. It 
has at this period the position and relative size of the future pharynx 
and its posterior dorsal extremity grows out to form the, at first csecal, 
rudiment of the digestive canal (fig. 664 6, />). The mouth is formed 
from an invagination of ectoderm on the dorsal surface immediately 
in front of the anterior end of the cerebiul vesicle (fig. 564 e, 0), 
The cloaca first appears as a pair of dorsally-placed epiblastic involu- 
tions (fig. 564 6, Kl ) : these ingrowths meet and fuse with the wall of 
the branchial sac so that two perforations are formed. The embryo 
surrounded by the mantle (formed of gelatinous substtince with 
amoeboid test-cells which have wandered into it) now breaks through 
the villous egg-membrane and passes into the stage of the free- 
swimming larva, which presents on the right side of the endostyle 
the first nuliments of the heai*t, and possesses all the organs of the 
later Ascidiaii except the vessels and the generative glands : in its 
subsequent development, however, it has to go through a decidedly 
retrogressive metamorphosis. After the larva has attached itself by 
means of its papilla?, the tail aborts, the muscles and notochordal 
sheath degenerate, and the axial string of the notochord contracts. 
The nervous system with the pigment organs degenerates, and the 
cavity in it disappears; the branchial sac, on the contrary, increases in 
size, and the msophagiis, stomach, and intestine proper become more 
sharply distinct. The mantle then becomes firm, the mouth opening 
perforates the gelatinous covering and becomes the entrance to the 
branchial sac ; behind the mouth the aich of cilia appears at the 
anterior end of the ventral furrow, which was formed at an earlier 
stage and gives lise to the endostyle. The opening to the oesophagus 
becomes funnel-shaped and more distinct. The first branchial slits 
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soon become visible. The blood with its amosboid corpuscles is 
already moving in the body cavity beneath the skin, and indeed on 
the branchial sac, through definite channels in the connective tissue, 
which connects the walls of the branchial sac with the skin. The 
water which flows through the slits of the branchial sac is collected 
in the peribranchial space the opening of which coincides with the 
cloacal opening. 

Asexual Beproduotion. — In addition to the sexual reproduction, 
multiplication by means of budding plays an important part, particu- 
larly in tlie Symiacidians, According to Krohn, Metschnikoff, and 
Kowalevski, an entodermal layer (arising in Botryllun from the cover- 
ing of the atrium) and mesodermal cells as well as the ectoderm take 
part in the formation of the bnds. Many Ascidiiui», as Per(ypli<yra 
and Clcwellhut, produce stolons by budding, and from these new 
individuals are developed, but the latter are not united together 
into a compa(*t system. Complex systems of buds are developed in 
the Synascidians, the individuals of which are embedded in a common 
cellulose mantle. In some cases the larva may form buds while it is 
still in the tailed stage (JJidemnum). In Botryllm, a genus which 
is distinguished by the star-like gi'ouping of the individuals round a 
common clojica (tig. 561), and by the rich branching of the blood 
canals, the larva is simple, and does not, as Sars believed, form, a 
colony. Metschnikoff [\Tid Krohn, whose accounts agree, have both 
shown that the eiglit knob-like buds of the larva are only processes 
of the ecjtoderm and contain diverticula of blood spaces. The young 
BotryUuH pmduces only one bud (first generation), and before the 
latter is mature perishes without attaining sexual maturity. The 
bud of the first generation produces two buds (second geneiution), 
and dies without reaching sexual maturity. The buds of the second 
generation each produce two buds, which arrange themselves in a 
circle, and after the death of theii* producers form the fii’st system 
with a common cloaca. In a similar manner new buds are formed, 
and the older genei'ation dies; the new systems are, however, as 
ti-ansitory and are replaced by others, so that as the stock increases 
the old generations are continually being replaced by new. In this 
continuous process of renewal the first-foimed generations have only 
the provisional value of establishing the colony. The later generations 
alone bec^ome sexually maturo, and the female maturity is attained 
before the male. The ova of the still young hermaphrodite gene- 
rations are fertilized by the sperm of the older ; and it is not until 
after the death of the latter that the testes of the former become 
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fully developed. The young generations, therefore, now have the 
double task of caring for their own already fei1)ilized eggs and of 
fertilizing those of the succeeding generations. 

Order 1 . — Copelam* (Ascidians with larval tail). 

Small fi'ee-swimming Ascidians of long oval form, with swimming 
tail ; they resemble in the whole of their organization the larvae of 
other Ascidians (hg. 562). The anus opens directly to the exterior 
on the ventral side. The pharyngeal sac is pierced by only two 
branchial slits. The heai*t has two slits and no vessels. The 
ovaries and testes lie in the hind part of the body, close to one 
another, and are without ducts. The elongated cerebral ganglion is 
divided by constrictions into three parts; it is connected with a 
ciliated pit and an otolithic vesicle, and is prolonged into a nei*ve- 
cord of considerable size. The latter is continued into the tail, at 
the base of which it swells out to a ganglion ; in its further course 
it forms several small ganglia, whence lateral nerves pass out. In 
consequence of a torsion of the axis of the tail, the originally 
dorsally-placed caudal nerve comes to liave a lateial position. The 
segmentation of the nerve-cord in the tail (as shown by the gang- 
lionic swellings) con-esponds to the segmental divisions of the muscles, 
which recall the myotomes of Amphioxus, The large chorda (uro- 
chord), which extends along the whole length of the tail, constitutes 
another point of resemblance to Amphioxus. 

Some species have a pellucid gelatinous covering, comparable to 
a shell. The development of these small animals, which were 
formerly erroneously held to be larvae, has been insufficiently 
investigated. 

Fam. AppendicolaridsB. Uikopleura Merteiis (^Appvndieularia Cham.), O'l- 
voplwcerva Gcf?V;r., Ot./mrata Gregbr., Fi'itlllarm Fol. The integument forms 
a hood-like reduplicature in front ; the tail one and a-half times as long as the 
elongated boily ; the endostyle is curved. Fr. fur rata C. Vogt., Fr. formica 
Fol, KowaUfvaJtia Fol. Without heart and endostyle. Kectum absent. K. 
tenuU Fol, Messina. 

Order 2. — AsciDiiE siMPLiCES.t 

This order comprises solitary forms as well as branched stocks. 

* Gf. C. Gegenbaur, “ Bemerkungen uber die Organisation der Appendicu- 
larien.’* ZeiUch, fwr wus, ZooL^ Tom. VI., 1865. 

H. Fol, “ ktudes sur les ^)pendiculaires da d^troit de Messine.” M&m. Soc. 
de PhoK, et <CIlut, Nat, de Geneve, Tom. XXL. 1»72. 

t Of. besides Lacaze-Duthiers l.c., 0. Heller, ** Untersuchungeu iiber die 
Tunicaten des Adriatischen Meeres, I., il.. III.,*’ Denk»vhr, der h, Akad, 
der Wigten^ch, Wwn, 1874-1877. 
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The latter, or social Ascidians, are placed on branched root-processes, 
and have for a time, or permanently, a common circulation. The 
mantle-parenchyma is usually of transparent hyaline consistency. 
The body of the solitary Ascidians is far larger and is surrounded 
by a hard cartilaginous, very thick and usually completely opaque 
mantle, the surface of which often has wart-like protuberances and 
incrustations of various kinds (hg. 560). 

Fam. Clavellinidn. Social Ascidians, the stalked individuals of which arise 
from a common branched stolon, or on a common stem. The body is sometimes 
{ClarellhM) divided into th.ee regions, like that of the PoUjclmldm. Clavellina 
Sav. ; (H. lepadiformh Sav., North Sea ; Pvroplmra TAxteri Wiegm., North Sea. 

Fam. AscidiadsB. Solitary Ascidians, usually of considerable size. The 
individuals reproduce themselves, as it seems, only occasionally by budding, 
and are connected, when they ai-e aggi*egatcd together, neither by a common 
mantle covering nor by bloodvessels. Ancidia L. {PhaXhutia Sav.) ; A, niavi- 
millata Cuv., Mediten'anean ; A, (^Ciotui) intntinalh L.. etc.; Cynthm Sav., 
C. papillom Sav., C. mhvoGOHmm Cuv., Chpvrevlim Lac-Duth., Mediter- 
ranean. 

The deep-sea Ascidians arc very remarkable aberrant forms. ItypobytliivH 
vdlvycodm Mos., and Octacnemv» hythiita Mos. 


Order 3. — ^Ascim.® coMPosiTi®.'*' 

Numerous individuals lie in a common mantle layer, and form 
soft, brightly-coloured colonies, which have a spongy or lobed form, 
and not unfrequently form crusts round foredgn objects. 

In almost all cases the individuals are grouped in a definite number 
round a common cloaca (Botryllitiw), so that round or star-shaped 
systems with central openings are formed in the colony (fig. 561). 
The body is sometimes simple and short, sometimes long and divided 
into two or three regions, and sends out branched processes contain- 
ing blood into the common mantle mass, so that the latter is per- 
meated by vascular canals. 

Fam. BotryllidsB. The viscera of the Himple body, which is not divided into 
thorax and abdomen, lie by the side of the I’espiratoiy cavity ; without lobes 
round the inhalent opening. Boti'yllm JttcUafns, Pall. ; B. violacevst Edw. 

Fam. Didemnidn. I'he viscera arc for the most part placed Ixihind the re- 
spiratory cavity, and the body is divideil into two parts, the thorax and abdo- 
men. TAdvmwkmi Sav. ; D, caiididum Sav. ; Z>. »tyHfvnnn Kow. 

Fam. PolyolinidaB. The body of the individual is much elongated, and is 

* Besides Savigny, cf. M. Edwards, “ Observations sur Ics Ascidics compo- 
86es des cAtes dc la Manche.” Mew. Acad. w.. Tom. XVIII., Paris, 1842. 

A. Giard, “ Recherches sur Ics Synascidies.” Arch, dv Zool. cj'pir.y Tom. I., 
Paris, 1872. 

Kowalevski, *• Ueber die Knospung der Ascidicn.” Arch, fur mihr. Arnt.^ 
Taf. X., 1874. 
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divided into thorax, abdomen, and postabdomen. The heart dies at the hind 
end of the body. Amarmcmm Edw. ; A proliferum Bdw. 


Order 4. — Ascidi.£ salp.bformes.’** 


Free-swimming colonies, which float on the surface of the sea, and 
have in general the form of a fir cone, hollowed out like a thimble. 
They are composed of numerous individuals arranged in the common 
gelatino-cartilaginous mass in a direction at light angles to the long 
axis of the colony. The inhalent openings lie in irregular circles on 
the external surface ; the exhalent openings open opposite to them 
into the space which serves as a common cloaca. . The branchial sac 
is wide and latticed as in the Ascidians. The intestine and ovary are 
compressed together, and lie in a rounded prominence like a nucleus 



Pi«. ri65.-Aii uidivulnal of Vyromuu, (after Keferstein). 0, Moutli ; A, atrial aperture.* 
AU auuH ; Or ova^ ; T, teatie ; A, gaiigli.m ; enrt<»tyle ; Br, branchial eac ; 1^7, arch 
/J « f Cyathozoid of Byroso.m (after Kowalev.ki). 

//, Heart, ; ITi, cloaca ; I), yolk luouiid which are the four iiuljvidmdB (aecidiozouls). 


(fig. 565 a) y neai* them is the heart. The ovary brings only one 
ovum to maturity, which is surrounded by a saccular follicle with a 
long stalk. Ihe stalk constitutes the oviduct, and opens into the 
cloacal cavity. The eye lies on the ganglion. By the presence of 
the eye, as well as by the position of the two respiratory openings 
and of the viscera, by the method of reproduction a.nd the free 
locomotion, the Pyrosomidce are allied to the Salps. 

Budding takes place by means of a stolon, which begins at the 
hind end of the endostyle, and contains an endodermal process of 


Huxloy, “ Ariatruny and dcvdopment of Pyrosoma.” Trang. Linn. Soo., 

W. Keferstein iiiid Ehlers, “ Zo()lojiriRchc Beitriifre.” Leipzig, im . 
Kowalevski, “ Ueber die Entwickeluiigsge^chichte der Pvrosomen.” Arrk fiir 
mikr, Anatomit', Tom. XI., 1876. 
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the latter (endostylic cone). Sexual reproduction and gemmation 
take place in the same individual. 

The egg develops within an ovarian sac into an embryo, which has 
the form of a stunted Ascidian-like individual (cyathozooid), and 
produces, by budding from a stolon, a group of four individuals 
{(lacidiozooids). The peculiar mode of origin of these individuals 
has been minutely described by Huxley and Kowtilevski (fig. 565 h). 
The process of budding, by which the colony is increased, is no less 
complicated: it takes place on a germ-stock (stolo prolifer, fig. 
565 a, St) placed behind the endostyle. Each commencing bud 
receives a prolongation of the foundation of the ovary,* as well as 
of the endoderm. 

The Pyroeomidm derive their name from the bright light which 
they emit. Ac-cording to Panceri, this light proceeds from a paired 
group of cells in the region of the mouth. 

Fam. PyroBomidaB. These aninials were discovered by P6i*oii in the Atlantic 
Ocean, and were at first rep^arded as solitary individuals. Pifnmma P6r. ; 
P, aflanticvui P6r. ; P. (ileQnm and Les., from the Mediterranean. 


Class n.— THALIACEA.t 

Free-ammming transparent Tunicata vnth cylindrical or cash- 
sluiped body. The nicmtle apertures are ter7mnal, and at opposite 
ends of the body. The branchim are band-shaped or Uunellar, and the 
viscera are compressed together into a nucleus. 

The Thaliacea (fig. 566 a, b) are transparent, cylindrical or cask- 
shaped animals, of gelatino-cvirtilaginous consistency ; they are either 
solitary, or the individuals are united in chains (usually in double 
rows). They move on the surfiice of the sea by the rliythmically 
alternating contraction and dilatation of the branchial cavity. The 
two openings are placed at opposite ends of the body ; the mouth at 
the anterior end, the atrial at the posterior end, near tlie dorsal 

* [Generative blastema, or indiffcrcTit tissm^ from which the reproductive 
orfSfaTis of the jiarent were developed (Huxley).] 

t Compare I'h. Huxley, “ Observations upon the anatomy and physioloffy of 
Saipa and Pyrosoma, toj^ether with remarks upon lk)liolum and Appendicu- 
laria.” Phil. Tram., London, 1851. 

R. Leuckart, “Zoologisehe Untersuchunjyen.” Heft TT., Giessen, 1854. 

C. Gep^enbaur. “ Ueber den Entwickelungscyklus von Doliolum nebst 
Bcmerknnp:en Uber die Larven dieser Thicre.” Zntxrhr. filr rvus. Zool., 
Tom. VII. 

C. Grobben, “Doliolum und sein Generations wechsel, etc.” Arheiten am 
dem Zool. Jmtitvtr in Wien, Tom. IV., 1882. 
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surface. The mouth has usually the form of a broad transverse slit, 
bounded by movable lips, and leads into the large respiratory 
cavity, which consists of the pharyngeal cavity and the cloaca, and 
contains the lamellar or band-shaped gill, extended from the dorsal 
surface obliquely backwards and ventralwards. In DoHohim the 
gill has the form of an oblique partition, which is pierced by two 
lateral rows of large transverse slits, through which the water flows 



Fig- 666 .— Saipa miicronata, b, S. democratica. 0, Mouth ; A, cloaoal apertui-e ; ganglion ; 
Br, gill Snd, endostyle ; IVg, ciliated pit ; JIfa, mantle ; Nu, nucleus ; C, heart ; 
Bnib, embryo ; Stpt stolo prolifer. 


from the pharyngeal cavity into the cloacal chamber. In Salpa the 
transverse slits are represented by one very large gill-slit on each 
side, so that the branchial wall is reduced to a median band (the 
median part of the gill of Doliolum). The two arches of cilia which 
bound the entrance to the respiratory cavity, and the ventral endo- 
style (mucous gland) from which a ciliated groove leads to the 
oesophagus, are placed in the wall of the pharyngeal cavity. 
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The digestive canal, together with the other vincera, the heart 
and the generative organs, are closely packed together in a brightly- 
coloured mass, the nucleus, at the ventral side of the hind end of 
the body. The mantle is often thickened round the nucleus so as 
to form a globular swelling. 

The nervous system, the sense organs, and the organs of loco- 
motion, in correspondence with the power of free locomotion, present 
a higher grade of development than in the Ascidians. The ganglion, 
with its numerous nerves, lies above the point of attachment of the 
branchial band, and attains a considerable size. On the ganglion 
there is usually (Salpa) a piriform or spherical process, with a horse- 
shoe-shaped brownish-red pigment spot and numerous rod-shaped 
structures, which prove beyond all doubt that this structure is an 
eye. In other cases (Boliolwti) there is on the left side of the body 
an auditory vesicle connected with the ganglion by a long nerve. 
The median ciliated pit, too, is placed in the respiratory cavity in 
front of the ganglion. Peculiar sense organs, probably tactile in 
function, have been observed in Doliolum in the lobes of the two 
mantle apertures and also on other parts of the external skin. These 
have the form of groups of roundish cells into which nerves enter. 

Locomotion is effected by means of broad bands of muscles, which 
span the respiratory cavity like hoops, and by their contraction 
narrow it. Part of the water is thus driven out of the cloacal 
aperture, and the body is propelled in the opposite direction. 

The reproduction of the Salps is alternately sexual and asexual. 
The solitary Salps are produced sexually, the chains of Salps asexually. 
The individuals of the chains of Salps are sexual animals, which 
form no stolon ; the solitary Salps only reproduce themselves asexually 
by budding on a ventrally-placed stolon. Since these two forms, 
which differ both in size and shape, as well as in the course of their 
muscular bands, and in cei*tain features of the gills and viscera, 
alternate regularly in the developmental cycle of the species, the 
development represents an alternation of generations, which may 
even be still further complicated {Doliolum). This alternation of 
solitary Salps and chains of Salps was discovered long before 
Steenstrup by the poet Chamisso. 

The Salps which form the chain are hermaphrodite, but the two 
kinds of sexual organs are neither developed nor ready to discharge 
their functions at the same time. Soon after birth the female 
organs attain maturity, while the testicular ceeca are not developed 
till later, and produce the sperm still later. In Salpa the female 
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parte are almost always reduced to a capsule enclosing a single egg 
and surrounded by blood. This capsule opens into the respiratory 
cavity on the right side, some distance from the nucleus, by a narrow 
stalk-like duct (tig. 567 A). After fertilization the stalk becomes 




VI 


Fig. 507. — o, Tosterior end of S(dj)a di iuon’aticaj seeu from the 
ventral 8tj}, Stolo prolifer ; iVjt, uucleiiB. &, Terminal 

IKjrtion of »tolon=young chain, strongly magiiifletl ; 0, mouth ; 
A, cloaoaJ aperture ; N, nervous centre (ganglion) ; IVi/, ciliated 
pit ; IVft, arch of cilia ; End, endostyle ; Aj\ anus ; Br, gill ; 
Na, nucleus ; Or, ovary ; C, heart, r. Embryo of Salpn 
di’iiiocratim (after C Qrobhen). El, El^eoblast ; /’I, phujouta ; 
P/i, pharyngeal cavity ; Kl, cloocal cavity. 


shorter, so that the 

creasing in size, ap- 
proaches closer and 
(closer to the lining 
of the respiratory 
cavity, and forms 
with its capsule a 
projecting cone in 
which, as in a brood 
pouch, the embryonic 
development takes 
place.* 

In the course of 
development a pla- 
centa is formed be- 
tween the embryo 


* Besides B. Lcuckartl.c. compare Kowalevski, BeitTa.er zur Eiitwickelungs- 
geschichte der Tuni eaten.” “ Entwickelungsgeschichte der Sal pen.” Narhr. von 
der lifinigl, (renelUch. der Wis<fdnMPh,, Nr. 19, Gottingen, ISfiS. 

W. Saiensky, “ Ueber die embryonale Entwickelungsgeschichto der Salpen,” 
Zeitschr»fiir wuft. Zool.^ Tom XXVIT., 187(5. m t 

W. Salensky, “ Ueber die Knospung der Salpen.” Morph, Jahrh,, Tom. ITT., 
1877. 
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and the mother, and this structure plays an important part 
in the nourishment and growth of the embryo. In the fui’ther 
development of the oi’gans, which agrees in its general fefitures with 
that of the Ascidians, the placenta becomes more sharply marked off 
from the body of the embryo, at the posterior end of which a 
Btructure known as the dcbohlast — the equivalent of the notochord 
— makes its appearance (fig. 567 c). 

It is only after a relatively long period that the embryo is born as 

small fully-developed Saljm, which, however, still possesses the 
remains of the placenta and the eUeohlaat. 

This solitar}’^ Salpa^ which lias been produced sexually, grows 
considerably during its free life, but always remains asexual, while 
by budding on its stolon it produces a number of individuals united 
together in chains. This stolon or germ-stock is a process of the 
body containing the rudiments of the most important organs. Its 
central cavity is traversed hy a stream of blood, and on its walls 
the buds sprout out. In Salpa^ as in the Ascidians, the stolon lies 
on the ventral side, and later enters into a special, open excavation of 
the body covering (fig. 567 a). 

On account of the extraordinary fertility of the stolon several 
groups of buds of different ages are always present one behind the 
other ; they separate successively as independent chains. 

In Doliolum the reproductive processes are much more complicated, 
for not only do the sexually produced young undergo a metamorphosis 
but a new series of generations is introduced into the life history. 
The eggs ai-e laid, and the la-rvai whicli issue fi*om them are provided 
with tails and resemble Ascidian laivfc (fig. 568, e). They develop 
into asexual forms which differ from the sexual forms, and are pro- 
vided with a dorsal stolon (fig. 568 5, /SVr/) ; the ventral stolon (stolon 
•of Salpa) is rudimentaiy (I'osette-sluiped organ). Two difierent 
kinds of buds are formed on this dorsal stolon, viz., medmn hwh and 
lateral buds (G-egenbaur). The latenil buds have a slipper-like form, 
and are without the i^loacal cavity ; they do not reproduce themselves, 
but are concerned with the nourishment of the asexual form. The 
latter as it incretises in size loses its gills and alimentary canal, 
while its muscular system becomes powerfully developed. The 
median buds develop into individuals, which resemble the sexual 
animals except that they are without genital organs ; they therefoi*e 
represent a second generation of asexual forms, which become free and 
produce the sexual generation from a ventral stolon. 
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Order 1.— Desmomyaria (Salp-®). 


Th 4 jMa 4 sea of cylindrical, usually dorso-ventrally flattened form, with 
band-shaped muscular hoops and thick mantle (fig. 566). The 



Fig. 568. — The forms of Doliotum deTUicttlutma (<(, 5, d, f, after G. Qrobbeu ; c, after Gegenbaui')* 
a, Sexual auimiU. 0, Mouth; .4, cloaca] ajierture; A7, cluacal s^wue; If, nerve centre; 
H», cutaneous sense organ ; Wb, arcli of cilia ; Wy, ciliated pit ; Jiml, endostyle ; Br, gills ; 
C, heart ; J), intestine ; T, testis ; Ov, ovary ; M, muscular hoops, b. First asexual 
generation. Stv, Ventral stolon ; Std, dorsal stolon ; Ot, auditory organ, c, A later stage 
of b, with develupnl dorsal stolon and aborted intestine and gills, less highly magnified. 
Mh, Median buds ; Lh, lateral bmis. d. Nutritive animal produced from the lateral buds 
with large mouth and without cloaca ; Oe, GBsophajj^ua. e, Dolioluni larva with larval tail ; 
Ch, chorda {urochonl), 

anterior opening is furnished with a valve-like lip which can be shut 
down. The gill reaches from the ganglion to the oral region, and in 
consequence of the development of two large lateral branchial slits 


VEBTEBEATA. 


109 


is reduced to a median band. The viscera are compressed together 
at the end of the ventral side and form the so-called nucleus. 
Solitary generations which reproduce themselves by means of stolons 
regularly alternate with sexual animals which are budded from the 
stolon and united in chains. The matunty of the female sexual 
organs precedes that of the male organs. The single egg develops into 
an embryo which is nourished within the brood-pouch of the viviparous 
mother by means of a placenta, and becomes a solitary S(dpa (asexual 
form) (fig. 567 c). 

Fam. Balpidas. Salpa Forsk.. S. piunata Forsk., 8, demot'ratlva Forsk., 
<S. mucrvnata Forsk. (chain form), Atlriatic and Mediterranean. S. africana 
Forsk., 8, F<ir8k. (chain form), Adriatic and Mediterranean. 8, 

cfutrdifmuniM Quoy. Uaim., 8. zonarm Pall, (chain form). 

Orde7- 2. — Oyclomyaria. 

Body cask-shaped, mouth and atrial opening surrounded by lobes, 
with delicate mantle (fig. 568). The musedes are in the form of 
closed rings. The dorsal wall of the pharyngeal cavity is formed by 
a V)rancbial lamella which is pierced by numerous slits, is placed 
obliquely or is bent and stretched far forwards (/>. denticiilntum). 
The digestive canal is not compressed into a nucleus. The ovaries 
contain several eggs. The testes attain maturity simultaneously 
with the ovaries. In the first asexual generation there is a large 
auditory vesicle on the left side. The development takes place by 
means of a complicated alternation of generations. 

Fam. DoliolidaB. i>. dfinticnlatvm Quoy, Gaim., the gill is bent and is 
pierced by about forty-five slits. I). Millh'ri Krohn. I’hc gill is stniight, with 
ten to twelve slits on either side, Mediterranean. 


CHAPTER IV. 

Vertebrata.* 

BUateraiUy syrmnetriad cmimals with an internal skeleton (vertebral 
colwnm\ of which dorsal processes (upper vertebral arches) enclose the 
nervous centres (Jyrain and spinal cord), and ventral processes (ribs) 
the oavUy in which the vegetative organs are enclosed. There are at 
most two pairs of limbs. 

The various animals included in this group were first put together 

* besides the works of Cuvier, F. Meckel and J. Milller, compare H. Owen, 
“ On the anatomy of Vertebrates.” Vol. J., II., III., London, 186(5-68. 

C, Gegenbaur, “ GrundzUge der vergleichemleu Anatomic,” 2 Aufl. Leipzig, 1878. 

Th. H. Huxley, A Manual of the Anatomy of vertebrated animals.*' London, 
1871. 
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by Aristotle, who called them “ animals with blood ” (vol. I., p. 132) ; 
he also put forward the possesidon of a bony or cartilaginous 
skeletal axis as a common characteristic. But it was Lamark who 
first recognised the presence of a vertebral column as the most 
important character, and introduced before Cuvier the name of 
Vertehrata into the science. This designation, however, in its strict 
significance, is only an expression for a definite grade of develop- 
ment of the skeleton, which may persist in its first unsegmented 
condition as the notochord {Amphioxus, Myxirie), The most im- 
portant characteristics therefore of the Vertebrata do not depend 
upon the presence of internal vertebrae and of a vertebral column, 
but upon a combination of charcuitera which 
have to do with the general relationa of poai- 
tion^ the nmtual arrangement of the orgama 
and the mode of embryonic development. We 
may accordingly define the Vertebrata as 
laterally symmetrictil organisms with an 
axial skeleton, on the dorsal side of which 
is placed the central nervous system (brain 
and spinal cord), while on its ventral side 
lie the alimentary canal with its two open- 
ings (oral and anal) and the rest of the 
viscera and the heart ; the latter being placed 
on the ventral side of the alimentary canal. 

The Skeleton. — The presence of an in- 
ternal skeleton is a character of great im- 
portance. While in the Invertebrates the 
firm supposing structures are almost always 
produced by the hardening and segmenta- 
tion of the external skin, in the Vertebrates the relation of the 
hard to the soft pirts of the body is reversed. The hard parts are 
placed in the axis of the body, and send out processes towards the 
dorsal and ventral surfaces, which constitute respectively a dorsal 
canal for the reception of the central nervous system (brain and 
spinal cord) and a ventral arch over the vascular trunks and the 
viscera. In the simplest and lowest Vertebrates the axial skeleton 
remains as an elastic cord — the notochord {chorda doraalia), which in 
the higher Vertebrates is present in embryonic life and constitutes the 
first rudiment of the vertebral column (fig. 569). When the internal 
skeleton acquires a firmer consistency it, like the external skeleton 
of the Invertebrates, becomes segmented. This modification is intro- 



through the chorda <luivaliB 
{Ch)ot thelai'vaof Jioiubhiator 
(after Gotte). ^?/nS,Noto- 
ohordal sheath ; Sk, skelotuge- 
nous layer ; N, spinal cord. 
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diiced by alterations in the notochordal sheath as well as in the 

surrounding skeletogenous sheath (fig. 570, a). The latter gives 

rise to cartilaginous or bony rings, which 

represent the first rudiments of the vei*tebral 

bodies. These rings constrict the notochord 

till they assume the form of biconcave car- llikwji^ 

tilaginoiis or liony discs, and become connected 

with cartilaginous or bony arches which are /#§COTji 

developed round the spinal cord and the 

perivisceral cavity (fig. 570 a, b). Each 

vertebra therefore consists of a principal ^ 

median portion, the body of the vertebra or mm 

centrum, which frequently retains the re- 

mains of the notochord in its axis ; of a 

doirnl or neural arch, and a ventral or lisemal \ 

arch. The two limbs of the dorsal arch are /'{IIctiI 

called neurapophyses, those of the ventral 

arch hsemapophyses, and the unpaired : adian 

prolongation of each arch is known as the n j^j 

spinous process (fig 570, i>, 77). The trans- 

verse processes (pleurapophyses) which arise 11 ObJi 

from different parts of the vertebra?, either 

from the neural arches oi* from the centra, vf^ 

are not independent structures but merely \ y/l/b 

processes. The ribs, on the other hand, are j ] 

independent lateral bony or caHilaginous rods R / H ^ 

which are attached either to the lisemapophyses \ H ^ 

(fishes) or to the pleurapophyses, and embrace Diagraiu of 

the part of the body cavity containing the a Teiooetean with inter- 
viscera. vertebral growtli of the 

Begions of the vertebna ooluma.— In the 

higher Vertebrates the primitive homonom oils bodies; /, mem. 

' , f. 1 1 -I . 1 branous intervertebral 

segmentation of the skeleton gives place to portion. 6, Vertebne of 

a heteronomous segmentation which leads to A', of vertebra. 

^ uoi'sal arch {rmura- 

the origin of a number of regions. In this vophtfidg); ub, ventral 
point as in others there is a prraUel between 

the segmented Invertebrates and Vertebrates. />', ventral epinoiw pro.’ 

Tir» ot» q ti +. xjirr; nt* TlAQ^ t’CHS . rib. 


Kegions of the vertebral column.— In the chord ; wk, bony vorte! 
higher Vertebrates the primitive homonom oils bodies; /, mem. 

' , f. 1 1 -I . 1 branous intervertebral 

segmentation of the skeleton gives place to portion. 6 , Vertebne of 

a heteronomous segmentation which leads to A', I3^y of vertebra. 

^ _ Oh, doi'sal arch {rmura- 

the origin of a number of regions. In this vophtfidg); ub, ventral 
point as in others there is a prraUel between 

the segmented Invertebrates and Vertebrates. />', ventral epinoiw pro.’ 
In the first place an anterior region or head 
can always be distinguished from the posterior uniformly segmented 
region or trunk (fig. 571) ; and this division corresponds with the 
enlargement of the anterior part of the central nervous system to 
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form the brain and with the first portion of the alimentary canal. 
The canal formed by the neural arches is here dilated to form the 
cranial capsule, on the ventral side of which are placed cartilaginous 
arches known as the visceral arches, of which the anterior pair 
constitutes the mandibular apparatus, is ai’med with teeth and 
surrounds the entrance to the alimentary canal (fig. 571). 
The mandibular arch is followed by a number of arches which 
surround the pharynx ; the first of these is the hyoid arch and the 
rest are the branchial arches. 

The part of the body behind the head may be divided into two 
regions: (1) an anterior region — the trunk proper — in which the 
peritoneal or body cavity lined by the peritoneal membrane is placed ; 
the vertebrae in this region bear ribs j (2) a posterior region or tail. 



Pig. 671.— Head and anterior region of the vertebral column of Aeanthias (after Owen). 
Z, Body of vertebra; O, neural arch; intercalated piece; Ptu Palatoquadrate ; 
Lk, labial cartilaKe ; Zb, hyoid arch ; Kb, branchial arch ; 8g, shoulder-Kirdle. 


in which there is no body cavity, and the hsemapophyses unite with 
each other to enclose a canal (containing the caudal vessels). This, 
the most simple form of segmentation of the trunk, is confined to the 
lower Vertebrates which propel themselves by the flexion and undu- 
latory movements of the vertebml column, and, like the Annelids, live 
in water, in mud, or in the earth, or even creep after the manner of 
snakes on the surface of the earth. 

In the higher Vertebrates, however, in which, as in the Arthropods, 
the function of locomotion is discharged by paired appendages, the 
movements of the chief axis are reduced and in many regions are 
altogether absent. In the Vertebrata there are only two pairs of 
limbs, an anterior pair and a posterior pair. In the lower Verte- 
brata they have the form of fins and play but a subordinate part in 
kxiomotion. In such cases, therefore, the vertebral column retains 
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its mobility and the uniformity of 
its segmentation. It is only in 
those cases in which the method 
of locomotion requires a greater ex- 
penditure of force on the part of 
the limbs, and a firmer connection 
between them and the axial skeleton, 
and the limbs are more strongly 
developed, that the vertebral column 
is divided into successive regions, 
each of which is characterised by 
the special form of the vertebrie 
composing it. 

Since the posterior limbs constitute 
the chief supports of the body, and 
are the principal seat of the pro- 
pulsive power, their girdle is usually 
immoveably fused with a region of 
the vertebral column, which is dis- 
tinguished by the firm and rigid 
connection of its veriebrae (fig. 572). 
This region, which is situated be- 
tween the trunk and the tail, is 
called the sacral region, and is 
formed in the jUaphihia by a single 
vertebra, in ReptUin by two, and in 
the higher Vertebrates by a number 
of vertebrae, tlie transverse processes 
of which are specially large and are 
firmly united to the iliac bones of 
the pelvic girdle by means of their 
corresponding ribs (fig. 572, ^S'). 
With the development of the an- 
terior limbs, and the need of a firmer 
connection between them and the 
trunk, a more rigid region of the 
vertebral column makes its appear- 
ance in the anterior part of the 
body. This region is known as the 
thoracic region and its vertebrae as 
the thoracic or dorsal veriebne (tig. 
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Fio. 672.— -Skeloton of Mt-anpuinti ul^ 
Lfiffhanietufi. uHf Exorcipital bone} 
P, pariet al l>ono; F, frontal ; 2^, tym- 
panic ; Fe, poiroaal ; MXf maxillary ; 
Jmx, inter-maxillary (prasmaxillary) ; 
y, nasal ; Vo, vomer ; Etf girdle bone ; 
Pit pterygoid ; So, pectoral girdle ; 
II, pelvic girdle; S, sacral verte- 
bra; E, ribs; 6. h.void arch (Zb), and 
branchial arches (JO») of the same. 
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573, D). Its ribs are distinguished by their special lengthy and 
they are connected ventrally with a system of cartUaginous or 
bony pieces (sternum) placed in the middle line of the ventral 
body-wall. Between the head and thoracic region on the one hand, 
and between the thoracic and sacral region on the other, there is 
a region the vertebrse^of which are more movable upon one another. 
The region which connects the head with the thorax — ^the neck 
(cervical region) — is characterised by the greater freedom of move- 
ment possessed by its vertebm, on which the rudiments of ribs are 
retained. The region between the thorax and sacrum — ^the lumbar 
region (hg. 573, L ) — ^is distinguished by the great size of its trans- 
verse processes, and at the same time by a greater mobility of its 
vertebrae which are as a rule without ribs. 

Accordingly the trunk of the higher Vertebrates is divided into 
cervical, thoracic (dorsal), lumbar and sacral regions, which are 
followed by the caudal region (fig. 673, C)* 

The limbs, which have perhaps been derived from lateral folds of 
the skin or possibly from parts of the visceral arches, present very 
considerable differences in their form and function. They may have 
the form of legs and support the body as in terrestrial animals, or 
serve for flight as the wings of aerial animals, or they may be used in 
swimming, as the fins of aquatic animals. It can be shown, however, 
that in every case they are composed of the same essential parts, 
the variation, suppression, and reduction of which determines the 
differences between them. 

Just as legs, wings, and fins are homologous organs, so the anterior 
and posterior pairs of limbs seem to be repetitions of the same 
arrangement. In both we can recognise the girdle for the connec- 
tion with the vertebral column, the shaft composed of long tubular 
bones and the terminal region. In ti'acing the development of the 
extremities Gregenbaur takes the skeleton of the fin of Ceratodm 
and of the Cronaopterygians (archipteryg^um) as his starting-point, 
from which, by the reduction of cei*tain regions and the modification 
of others, the limbs of the higher Vertebrates may be derived. The 
pectoral girdle, that is the girdle of the anterior pair of limbs, 
consists of three paired pieces — ^the dorsal shoulder-blade (scapula) 
and two ventral pieces placed one behind the other, known as the 
prsBCoracoid (with the clavicle) and the coracoid. The pelvic 
girdle, or girdle of the posterior limbs, corresponds to the pectoral 
girdle, and is likewise composed of three paired elements — a dorsal 
element attached to the sacrum and known as the ilium, and two 
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ventral elements which join their fellows in the middle ventral line, 
and are known as the pubis and 
isohinm. The limbs are divided into T9ra\ 

three segments — the two proximal 
of which are long and contain long r 

hollow bones articulated together, jL 

the third segment being shorter and 
terminal. These segments are called 
' brachium, antebraohium and manus 
in the fore-limb; femur, crus and 
pes in the hind-limb. .L 

The pi‘oximal segments (i.e., the lA 

brachium and femur) each contain M 

one bone — the humerus ( fl) and 

femur (Fe) respectively. The middle s 

segments (i.e., antebrachium and crus) . 

each contain two bones — the radius 
and ulna in the former (/?, U ), the 
tibia and fibula {T, F)in the latter, / 

The distal or terminal segments (^.e., / 

the manus and pes) each contain a ^ 

large number of elements placed close ^ 

together. These elements consist of 23^ > 

two proximal rows of bones, known 
in the hand as the carpus, and in ^ 
the foot as the tarsus; of a middle 
row, known respectively as the meta- 
carpus and metatarsus; and of a f 

number of distal bones known as the j®' Win f 
phalanges, and constituting the ^(|| 

skeleton of the fingers and toes. B 

The skull varies considerably in 
form and structure. When the ver- ^ 

tebral column is membranous and | 

cartilaginous, the skull likewise con- J 

sists of a continuous membmno-car- J 

tilaginous capsule, which in essential 
points agrees with the embryonic 
rudiment of the cranium (primer- 
dial cranium) of the higher 

Vertebrates (fig. 571). From this primordial cranium the bony 


Fig. 573. Skeleton of Crocodile. I), Dorsid region ; Z, lumbar region ; Sa, sacral region; Si, ribs ; Se, scapula ; ff, hnmems ; JR, radius ; U, ulna 
Sia, abdominal sternum ; Fie, femur ; T, tibia ; JP, fibula ; J, os ischii ; C, caudal vertebrae. 
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skull is developed partly by ossifications in the cartilaginous 
capsule or by ossifications proceeding from the membranous peri- 
chondrium; partly by the addition of membrane bones, which 
gradually supplant the cartilaginous parts. 

Segmentation of the skull. — It is only when the cranial capsule is 
bony that any comparison can be instituted between the arrangement 
of the hard parts of the skull and that of the parts of a vertebra : 
this comparison has led to the view that the skull is composed of 
three or four vertebrae or segments. These are from behind forwards, 
the occipital, parietal, frontal and ethmoid segments. Each such 
segment, according to the vertebral theory of (P. Frank) Gkethe and 



tin 


■Pig. 674.--L«teral view of a Roat’s Hkull ; O/, exoccipital hOTxe ; C, condyle ; 0«, eupra- 
occipitH.1 ; Sq, squamosal ; Ty, tymi>anic ; Pe, petrosal ; Pm, paramastoid process ; Pa, 
parietal ; Pr, frontal. La, lachrymal ; Pa, nasal j Fo, optic foramen ; Mr, maxilla; Jmx, 
inter-maxilla (pro-maxilla) ; J«, jugal ; Pal, palatine ; Pt, pterygoid. 

Oken, is supposed to consist of a basal part corresponding to the body 
of the vertebra, and of a neuiul a.rch formed of two lateral pieces and 
a median dorsal piece (spinous process) (fig. 574). According to this 
theory the basi-occipital bone would coirespond to the body of the 
vertebra, the two exoccipitals to the lateral parts of the neural arch, 
and the snpra-occipital to the dorsal median parts or spinous 
process. The bones of the middle or parietal region .of the skull 
•consist of a basal bone, the basisphenoid, two lateral bones, the 
alisphenoids and two dorsal bones, the parietals ; the two latter are 
membrane bones, and complete the arch dorsally. The bones of the 

• CoiDjiare especially Reichert and Kdlliker, Huxley, Parker etc. 
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anterior or frontal region likewise consist of the basal prsBSphenoid, 
the two lateral orbitosphenoids, and the two dorsal frontal bones, 
which are membrane bones and complete the arch dorsally. 

The ethmoid may be regarded as representing the body of a fourth 
or anteiior vertebra; it is covered above by the nasal bones and 
below by the vomer. 

Finally, between these different bones other bones are intei*calated, 
e,g., the mastoid and petrosal between the occipital and sphenoidal. 

Kecently essential objections to this vertebral theory have been 
raised by Huxley and Gegenbaur ; and these objections liave proved 
fatal to the theory. According to Gegenbaur, the skull is composed 



Fig. 675.— Median lon^tndinal nection of a sboep’s skull seen from ibo inside. 06, basi* 
occipital; Ol, exoccipital ; supraoccipital ; /V, petrous bone; Sph^ basisphenoid; 
Pn, preesphenoid ; alisphenoid ; Orn, orbitosphenoid ; Pt/, parietal ; Pr, frontal; 
Sff frontal sinus ; JVa, nasal ; C, turbinal ; CS, inferior turbinal ; P/, pteryKoid ; Pai, 
palatine; To, vomer; Mx^ maxilla; Jmx^ inter-maxi!la (pre-maxilla). 


of a much greater number of segments coiresponding to the primary 
visceral arches, and the resemblances between the cranial bones, 
especially of the median and anterior regions of the skull, and the 
parts of a vertebra are entirely secondary. 

The rest of the hard parts, which are more or less intimately 
connected with the skull, consist of a number of arches lying one 
behind the other, and suri-ounding the entmnce into the visceral 
cavity. 

The anterior of these — the maxillo-palatine apparatus — forms tho 
facial region. In its simplest form it consists of two moveable pieces 
(palato-quadrate and lower jaw), which are attached by the hyoman- 
dibular (the dorsal element of the second arch) to the auditory region 



118 


VBBTEBBATA. 


of the skull (fig. 571, H), The upper piece of the first arch, like- 
wise, is sometiiues more or less firmly applied along its whole length 
to the skull, and when ossification takes place it becomes divided on 
either side into an outer and inner series of pieces, the first including 
the jugal, the maxilla, and prsmaxilla, the latter the pterygoid and 
palatine (fig. 575). These series of bones form the upper jaw and 
the roof of the mouth. 

The lower jaw, which is primitively a simple cartilaginous arch 
(Meekers cartilage), also becomes replaced on either side by a 
number of bones (artioulare, angulare, dentary, etc.), of which 
the dentary usually bears teeth and is the largest. 

The visceral arches which follow the mandibular arch and are also 
connected with the skull are developed in the wall of the pharynx, 
to which they beai* the same relation that the ribs do to the thorax 
and body cavity. The anterior ai’ch (hyoid arch), the upper portion 
of which in the lower Vertebmtes serves as the suspensorium of the 
jaw (hyomandibnlar), forms a support for the tongue, and the arch 
of each side meets a median basal piece (o/f linguale). The latter is 
followed by a series of median unpaired bones {copul(je\ which connect 
the following arches (branchial arches). The branchial arches are most 
developed in the aquatic Vertebrates, in which they are separated by 
the pharyngeal slits, and serve to bear the gills. In the air- 
breathing Vertebrates they become more and more reduced, and 
finally are only discernible in imperfect number as embryonic struc- 
tui‘es. The remains of the whole apparatus form the body and 
cornua of the hyoid bone. 

Integument. — The external skin of the Vertebrates is divided 
into two very distinct layers, the epidermis externally and the cutis 
internally. The latter* is principally composed of a fibrous connective 
tissue, with which muscular elements come into relation, without 
however forming a complete dermal -muscular envelope as in the 
Annelids. 

When the dermal muscles have a considerable extension over large 
surfaces, they serve exclusively to move the skin and its manifold 
appeiidages, but are not used for the movements of the trunk, which 
are produced by a highly- developed muscular system surrounding the 
skeleton. The cutis is continued into a deeper, more or less loose 
layer, the subcutaneous connective tissue, but its more superficial 
part is tolerably compact, and contains not only various pigments, but 
also blood-vessels and nerves. At its upper surface the cutis is raised 
into small conical papillae, which are covered by the epidermis and 
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are of importance not only as special sense organs (tactile organs), 
but also for the production of various hard structures (scales, teeth). 
The epidermis is composed of several layers of cells, of which the 
upper and older layers are cast off, while the lower layers (stratvm 
Malpighi) are actively growing and serve as a matrix for the con- 
tinual renewal of the upper layers, and sometimes contain the 
cutaneous pigments. Some of the appendages of the skin are 
epidermal structures, in which - 

case they arise as the result 

of peculiar and independent ^ M 
growths of the epidermis (hairs 

and feathers). Some are de- Ym 

rived from ossifications of the • iH|r m Mk 

dermal papilhe which sometimes ||||B 

may even give rise to a hard 2|^ 

and complete dermal armour il" Sljl 

(scales of Fishes and Reptiles, ill: 11' Mw'' 

caraptme of Armadillos and ^ 

The central nervous system i a A 

is placed in the dorsal cavity lillB'llll IV Hr, 

formed by the ‘upper arches of 

the vertebra) ; it consists essen- I » \H1 

tially of a cord — the spincU cord 

— the anterior enlarged and Hi, ' 

more differentiated part of 
which is distinguished as the 
brain. The spinal cord con- 

tains a narrow central canal, ^ ^ ^ 

Fia. 676.— Embryo chick at, end of second day 
which is continued into the (after Kollikcr). TA, Fore-brain; Mk, mid- 

brain, where it widens out and 

forms the ventricles of the vertebral platee of the mesoderm ; lateral 
■t . mi 1 . • j • 1 mesoblastic plates ; H, heart. 

brain. The brain and spinal 

cord are, therefore, parts of the same organ. The biuin seems 
to be the seat of the intellectual faculties and the central organ of 
the sensory apparatuses ; while the spinal cord conducts the impulses 
to and from the brain, and in particular is the centre of reflex move- 
ments, but it also contains the centres of certain automatic actions. 
The mass of the brain and that of the spinal cord increase as might 
be expected, as the grade of life is higher. They increase, however, 
in an unequal ratio, for the brain soon preponderates over the spinal 
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cord. The lower Vertebrates with cold blood have a relatively 
small brain, the mass 'of which is still considerably smaller than that 
of the spinal cord. In the warm-blooded Vertebrates, on the other 
hand, this proportion is reversed, and the more markedly, the higher 
the organisation and grade of life of the animal in question. 

The spinal nerves arise in pairs from the spinal cord : each nerve 
has two roots — a dorsal sensory root and a ventral motor root. They 
correspond in number with the vertebrae, between which they pass 
out, so that the spinal cord repeats in a general manner the seg- 
mentation of the vertebral column. 

In the brain the arrangement of the nerves presents several com- 
plications which are further increased by the origin of two sensory 
nerves —the olfactory and optic. In spite of the differences in form 



Fig. 677.— a. Brain and anterior part of the spinal cord of a human embryo seen from the 
side (after Kolliker). FA, Fore-brain; Zh, thalamencephalon ; ATA, mid-brain: i7A, 
hind-brain ; Nh, medulla oblongata ; T, anterior ventral end of the thalamencephalon ; 
NO, optic nerve. 6. Diagrammatic longitudinal section through a vertebrate brain (after 
Huxley), ffn, Hemispheres ; ZO, olfactory lobes ; 0//, olfactory nerve ; TAG, optic 
thalamus; F^, third ventricle ; JVb, optic nerve; //, pituitary body (hypophysis); &j), 
pineal gland ; CQ, corpora quadrigemina ; Cd, cerebellum ; MO, medulla oblongata ; 
PF, pons Varolii. 

and structure presented by the brain, three principal regions which 
correspond to the three vesicles found in the embryo can always be 
distinguished (fig. 576). The anterior vesicle (fore-brain, fig. 576, FA) 
corresponds to the cerebral AemtepAeres and the optic tAalamz (fig. 577, 
ITs, ThO\ the middle vesicle (mid-brain, Mh) to the corpora quadri- 
yemina (fig. 577, (7 Q), and the posterior vesicle (hind-brain, fig. 576, 
Hh) to the cerebellum and medulla oblongata (fig. 577, Ch, MO). The 
anterior vesicle, however, is again divided into two parts — an anterior 
bilobed part, which constitutes the cerebral hemispheres and contains 
the lateral ventricles, and a posterior unpaired part which constitutes 
the so-called thalamencephalon with the thalami optici and the parts 
surrounding the third ventricle (fig. 577). The third cerebral vesicle 
is also divided into two parts — anteriorly the cerebellum, and pos- 
teriorly the medulla oblongata. 
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The sense organs present the following arrangement. The anterior 
is the olfactory organ, which consists of a pit usually paired, excep- 
tionally unpaired (Oyclostomes) ; the nerves which pass to these pits 
arise from the fore-brain and are often swollen at their origin into 
special lobes (olfactory lobes). In aquatic animals which breathe by 
gills the nasal cavity consists with rare exceptions {Myodne) of a 
blind sac. In all lung-breathing Vertebrates, on the contrary, it 
communicates with the cavity of the mouth by the nasal passages, 
and serves for the entrance and exit of the pulmonary air. 

Next come the eyes with the optic neiwes which arise from the 
thalamencephalon and mid-brain. They are always paired (for the 
structure of the eye vide 

p. 73, vol. i.). In Am- 1 i 

phioQcua alone they are Jm Jj CW ^ 

represented by an un- f j ^ 

paired pigment spot placed r 
on the anterior end of the (' 
central nervous system. 

The auditory organ, the ^ g ‘ || H 

nerve of which belongs to 

the hind-brain (probably C-tv ll 

derived from the sensory [V )J 

root of a spinal-like cranial \^^-***^ 

nerve), is entirely absent in ^ v 

Amphioxiis, In its simplest 67 s.— Diaprmin of the auditory labyrinth (after 

form it is a membranous Waldeyer). i. of fish; //. Ofbird; JJ/.ofxnanunal; 

/ , 1 I. • i.1 \ ^» utricle with the three semicircular canals; S', 

sac (membranous labynn til) saccule; U 8 ^ alveus communie; O, cochlea; Z, 
containing fluid and oto- lagena; CV, wmalis reuniene; a, aquieductus vesti- 

liths. The posterior part 

of this sac is usually prolonged into three somi-circular canals, while 
the anterior part, which in many cases is separated as the soAX/ide, 
gives off a prolongation which forms the cochlea (fig. 578, aS', (7.). 

The sense of taste is located in the palate and the root of the 
tongue. The organs of taste consist of peciiliaily-modified groups of 
epithelial cells (taste buds), and are supplied by a spinaMike cerebral 
nerve {glossopharyngeal). The general sensibility, which is distri- 
buted over the whole surface of the body, and the tactile sense are 
also connected with the terminations of the sensory fibres of spinal 


In addition to the cerebro-spinal nervous system there is (except 
in Amphioxus and the Cyclostomes) a special visceral nervous system 
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— the sympaihetio. This is formed by special braxiches of the spinal 
nerves and spinal-like cranial nerves, which are connected with special 
ganglia and give off nervous plexuses to the viscera (fig. 80 ). 

The organs of nourishment, circulation, and reproduction are 
placed in the body cavity which extends beneath (ventral to) the 
skeletal axis. The digestive canal is a more or less elongated tube 
which in the region of the skull is encircled by the visceral arches ; it 
begins with the mouth and ends with the anus, which latter is placed 
on the ventral surface at various distances from the hinder end of 
the body (according to the length of the caudal region of the verte- 
bral column). The alimentary canal is invested in the greater part 
of its course by a fold of the peritoneum which lines the body cavity, 
and is fastened to the under surface of the vertebral column by the 
two lamellsa of this fold, which are closely applied to one another 
and form the mesentery. As a rule the alimentary canal is much 
longer than the distance between the mouth and anus, and therefore 
forms more or less numerous coils in the body cavi'y. 

The digestive canal is almost always divided into three regions, the 
cesophagus and stomach, the small intestine with liver and pancreas, 
and the large intestine. The oesophagus always begins with a buccal 
cavity, on the floor of which a muscular fold, the tongue, projects. 
Although this organ, which is richly supplied with nerves, is in 
general rightly regarded as an organ of taste, it nevertheless plays a 
considerable part in the reception of the food, and may even in some 
cases altogether lose its importance as an organ of taste. The buccal 
cavity, except in Amphioxus and the Cyclostomes, is enclosed by the 
skeletal arch known as the maxillo-palatine apparatus and the lower 
jaw, of which the latter is always capable of powerful movements, 
while the parts of the former are either more or less firmly united 
together and attached to the bones of the skull, or are capable of 
movement on the latter. The two jaws, unlike those of the Arthro- 
poda, work upon one another in the direction from below upwards. 
They are usually furnished with teeth. The teeth are derived from 
ossified . papillae (dentine) of the mucous membrane of the mouth 
(fig. 679 ), which are covered with an epidermal structure — the enamel; 
they are either directly fused with the bones of the jaw or inserted 
into special alveoli in the latter. The teeth in the higher Vertebrates 
are confined to the upper and lower jaws, but in the lower Vertebrates 
they may appear on all the bones which surround the buccal cavity. 
Teeth are, however, often altogether absent. In Birds and Tortoises 
they are replaced by a horny covering of the sharp edges of the jaws 
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(beak), and certain toothless Whales bear horny plates (the so-called 
whalebone) on their palate. 

In almost all cases the alimentary canal is provided in its different 
regions with independent glands which mix their secretion with its 
contents. In the cavity of the mouth the saliva secreted by a greater 
or less number of salivary glands is mingled with the food. In many 
aquatic animals these salivary glands may be reduced or be wholly 
absent. Into the first part of the small intestine the bile and the 
secretion of the pancreas, which is of great importance for the 
digestion of the food, is poured. The bile is secreted by the liver — 
a large gland through which the venous blood returning from the 
viscera passes 
on its course 
to the heart 
(portal circu- 
1 a t i o n). In 
Amphioxus the 
liver is repre- 
sented by a 
simple cjecal di- 
verticulum of 
the intestine. 

In Amphioxus 
and some other 
fishes the pan- 
creas is want- 
ing. The small 
intestine i n 
which the 

juices are absorbed is distinguished not only by its great length 
it is in fact this portion of the alimentary canal which is arranpd 
in coils— but also by the presence of internal folds and papillae 
which considerably increase the extent of absorbing surface. The 
terminal region (large intestine, rectum) of the digestive canal is 
principally distinguished by its width and its powerful muscles. 

Special respiratory organs, as lungs or gills, are always present. 
The gills usually consist of double rows of lancet-shaped lamellre, 
which are arranged on the sides of the pharynx l)ehind the maiidibu- 
lai- arch, and except in the Cydostoiaes !>re borne by visceral arches. 
Between these arches there are always narrower or wider slit-like 
openings, which lead directly into the pharynx and allow the water 



Fig. 579. -'riie clevelopmeTit of the tooth iu Triton (after O. Hertwig). 
a, The first stages of the development of a tooth ; on tho right hand 
is the eai'iiest rudiment. 6, Later stogo of development. DX", 
papilla of the cutis wliich later becomes the dentine of the tooth 
MS, enamel membrane (oidthelial growth which forms tho enamel) ; 
D, dentine ; S, enamel ; -Xp, epitbolium of the month. 
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which bathes the gills and serves for respiration to pass from th© 
phar3rnz into the branchial cavity. On the external side the gills 
are often protected by a cutaneous fold or by an operculum, at the 
lower or posterior margin of which there is a long slit for the 
passage outwards of the water from the branchial cavity. The gills 
may, however, project as uncovered external appendages (external 
gills of Amphibians and Selachian embryos). 

In the lower Vertebrata lungs and gills may coexist in the same 
animal, and in fishes the lungs are represented by a morphologically 
equivalent organ — ^the swimming bladder. Lungs, however, in their 
more complete development are only found in the higher and for 
the most part warm-blooded Vertebrates. In their simplest form 
they appear as two sacs filled with air and opening by a common air 
passage (trcushea) into the pharynx. The walls of the pulmonary 
sacs contain the respiratory capillaries; their surface is usually 
increased by folds and projections which give them the appearance 
of a spongy organ or of an organ traversed by tubes. The two lungs 
often extend far into the body cavity, but in the higher Vertebrates 
they are confined to the anterior part of the latter which may be 
more or less completely separated off from the hinder part of the 
body cavity by a transverse partition — the diaphragm — and is then 
called the thoracic cavity. 

Aerial respiration also requires a continual change of the medium 
serving for respiration ; the exchange of the used-up air saturated 
with carbonic acid gas for the atmospheric air rich in oxygen. This 
exchange is effected by various mechanical arrangements on which 
the so-called respiratory movements are dependent. These move- 
ments take place in all those Vertebrsites which breathe by means of 
lungs, but are most complete in the Mammalia, in which they con- 
sist in alternating rhythmical contractions and dilatations of the 
thorax. 

At the entrance of the trachea and in connection with the organs 
of respiration is the vocal organ (larynx), which is usually formed by 
a modification of the upper portion of the trachea. The larynx 
contains vocal chords, and opens into the pharynx by a naiTOvr slit 
{glottis) which is usually capable of being closed by an epiglottis. 

The circulatory organs are in close relation with the respiratory 
organs. The vascular system is always closed and contains red blood 
(except in Amphioxus and the LeptocepJudida, where the blood is 
white). The red colour of the blood, which was formerly held to be 
the essential character of blood (Aristotle), is due to the presence of an 
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enormous number of red blood corpuscles, which are flat, disc-shaped 
globules, contain the colouring matter (hssmoglobin) and carry the 
oxygen to the tissues. In addition to the red blood-corpuscles 
there are small colourless ceUs in the blood— the amceboid white 
blood-corpuscles (vol. i., fig. 19). 

Except in Amphioxus^ in whicli the larger vascular trunks pulsate, 
a definite part of the vascular system is always developed to form a 
heart. The heart lies in the anterior pirt of the body cavity, and is 
primitively placed exactly in the middle line. It has a conical shape 
and is ^nclosed in a pericardium. The position of the principal 
vessels and their connection with the heart are in the simplest case 
as follows : A large artery — the dorsal aorta — runs along the verte- 
bral column and gives off numerous lateral branches, coiTesponding 
to the segmentation of the vertebral column, to the right and left. 
!Beneath this there is in the caudal region, an unpaired vein — the 
caudal vein, — in the body cavity on the contrary a pair of veins — 
the inferior cardinal veins. These veins receive their blood from 
lateral venous branches which proceed directly from the capillary 
network of the arterial branches. Another principal vein — the vena 
cava inferior — separated from the cardinal veins by the hepatic portal 
system, and connected with two superior cardinal veins, conveys the 
venous blood back to that portion of the heart which is known as the 
auricle. From the auricle the blood fiows into the the muscular ven- 
tricle and is forced thence into an ascending artery (aorta ascendem 
or cardiac aorta). The latter divides, into lateial arterial ai’ches which 
pass towards the dorsal side and unite beneath the vertebral column 
to form the anterior part of the dorsal aorta (aorta deacendem) 
(vol. i., fig. 57). 

This system of the aortic arches is, however, complicated in various 
ways by the insertion of the respiratory organs in the course of the 
circulation (compare vol. i., p. 63 et seq). 

In all Vertebrates there is a system of lymphatic vessels. Thoe 
are a special part of the vascular system and contain a clear nutritive 
fiuid (chyle and lymph) wliich is filled with colourless corpuscles 
(lymph corpuscles). Tliey conduct the lymph (containing plastic 
materials for the renewal of the parts of the blood which have been 
consumed in metabolism) to the blood. The principal trunk of the 
lymphatic system (the thoracic duct) runs along the vertebral column 
and in the higher Vertebrates opens into the upper part of the vena 
cava superior. In the lower Vertebrates there a ro several communica- 
tions between the lymphatic and vascular systems. Special gland- 
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like organs — the so-called vasoular glands, spleen — are inserted into 
the course of the lymphatic vessels. 

Urinary organs or kidneys are generally present. They liave the 
form of paired glands and lie beneath the vertebral column. The 
first rudiments of the kidneys appear in the form of organs resem- 



Fxg. 680.— Diagrammatic longitudinal section through an ideal vorto1)rate embryo (after 
Balfour), a, After the completion of segmentation. 6, Later stage in which the 
mesenteron is being formed at the hind end of the embryo (gustrula). c, Stage in which 
the neural canal is closed and communicates with the alimentary canal. Ac, ectoderm ; 
En/, entoderm ; Jifc, mesoderm ; Fh, segmentation cavity; DA, alimentary cavity; iVr, 
neuralicanal ; CA, notochord. 


bling the segmental organs of Annelids. Peritoneal invaginations 
(urinary tubules), which communicate with the body cavity by funnel- 
shaped openings, come into connection with the primitive kidney-duct 
(archinephric duct) which is the first part of the system to appear 
(compare vol. i., p. 70, fig. 71). The ducts of the kidneys — the ureters 
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usually unite to form an unpaired terminal section — ^the urethra, 
which, in Teleosteam only, opens behind the anus; very often it opens 
into the cloaca, and in Mammals almost always unites with the 
terminal parts of the genital ducts to form a common urogenital canal. 
A. vesicular reservoir— the urinary bladder— is often inserted into 
the course of the efferent ducts. In fishes only does the bladder lie 
behind the intestine. 

Bpeproduotion is always sexual, and separate sexes are the rule. 
A few fishes only 
(species of Serranua) 
are hermaphrodite. In 
male Amphibians how- ^ 
ever traces of ovaries 
are found. -B 

Both kinds of sexual 
glands lie as paii-ed 
organs in the body 
cavity, and send oflT 
paired ducts which in 
the lower Vertebrates ^ 
open into the cloaca 
and often join to form h 
an unpaired canal. 

Sometimes indeed the 
ducts are absent and 

ivo-n'fal A 4 - Traiisversc section throiiKli a young embiyo of 

ine genital proaucts rnton tafuiatut (after O. Hertwig). a, First appearance of 

fall into the body medullary foUls and formation of the notochord. 

. . , j. ** medullary gn)Ove. The notochoj-d is 

cavity and pass out completely separated off from the entoderm. The constric* 

thence to the exterior mesoderm mto the i)rotoyertebr» is beginning 

, , (left hand side of the figureX ectoderm ; JV, nervous 

by a genital pore. The system J dorsal groove ; MWf medullary folds ; Mp, 
division of the genera- mesoblast; Mv, splanchnic mesohlnat; (7^, noto- 

. * , ® ^ chord ; Endf intestinal endoderm ; Dh, lumen of gut ; Lh, . 

tive ducts into dif- body cavity (pleuroperiioueal cavity); C^JTjprotovertehraj 

ferent regions, and 

their connection with accessory glands and external copulatory 

apparatuses determines the gi'eat variations iu the stnicture of the 
generative organs which ai-e most complicated in the Mammalia. 

In many Fishas and Amphibia copulation is confined to an 
external union of the two sexes, and the eggs are fertilized in 
the water. Most Fishes, many Amphibia and Reptiles, and all Birds 
lay their eggs. All the Mammalia are vivipnrons and their small 
ova undergo embryonic development in the female generative ducts. 
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The development of the embryo (hg. 580) begins with a total or 
partial (discoidal) segmentation*. The first rudiment of the embryo 
is usually a geiminal disc or blastoderm lying upon the yolk. From 
the posterior end of, this disc the alimentary cavity is developed. A 
primitive streak which marks the long axis of the embryo is developed 
by a thickening of the layers of the blastoderm. Two laterally placed 
longitudinal folds give rise to an ectodermal groove — ^the medullaiy 
groove or first rudiment of the central nervous system — beneath 
which is placed the notochord which is developed from the endoderm 
(fig. 581). 

The medullary groove which is dilated anteriorly is closed by the 
growing together of its edges, and the tube so formed gives rise to 
the spinal cord and to the brain. Its lumen is for some time in 





Pio. 682.— Transverse section throuf^h a chick embryo of the second day (after K6Uikcr), 
Ec, ectoderm ; medullary canal ; endoderm ; Ch, notochord ; UW^ proto- 

vertebra j VNg^ Wolffian duct (primitive duct of kidney); Mp, somatic mesoblast ; Mv, 
splanchnic mesoblast; XA, body cavity ; Ao, primitive aorta. 


communication with the alimentary cavity by the neurenteric canal. 
At the sides of these structures the mesoderm extends in the form 
of two bands, the median portions of which (protovertebral plates) 
become segmented in the course of the further development and 
give rise to the protovertebrse (figs. 576 and 582). The archinephric 
duct is separated off at the boundary between the protovertebrse and 
the unsegmented lateral plates of mesoblast, while the generative 
glands arise nearer the median line from the peritoneum of the lateral 
plates of mesoblast. While the dorsal part of the embryo is thus 
being formed the alimentary canal becomes further developed on the 
ventral side of the blastoderm, and gradually absorbs the yolk, often 
leaving an external yolk sac. The young animals only undergo 
a metamorphosis in the naked Amphibia and several Fishes. 

The division of the Vertebrata into the four classes of Fishes, 
Amphibia, Birds, and Mammals was first established by LinnsBUs, 
though it had been already indicated in the system of Aristotle. 

The Fishes and Amphibia are cold-blooded animals (i.6., animals 
with a varying temperature) ; Aves and Mammals are waim-blooded 
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(i.e.y with a constant tempemture), and as they attain a much 
higher grade of life they are distinguished as the higher Vertebrates. 
Eecently the naked Amphibia have rightly been sepaiated from the 
scaly animals or Reptilia, and together with the Fishes have been 
distinguished as lower Vertebrates, in distinction to the Keptiles, 
Birds, and Mammals, which have been classed as higher Vertebrates. 
Fishes and Amphibia have, in hict, many char:ictors in common, and 
seem to be less sharply marked off fi-om one another (Dipnoi) than 
are the Amphibia from the Reptiluu Tlie two former groups not 
only resemble one another in the branchial respiration and in the 
frequent persistence of the Tiotocoi'd, but also in the simplei* course 
of the embryonic development, and in the absence of the embryonic 
organs characteristic of the liighei* Vertebrates — the amnion and the 
allantois. On these grounds, and in consideration of the many 
i*elations between Reptiles and Birds, Huxley distinguishes three 
principal groups of Vertobrata —the Ichthyopsida (Pisces and Am- 
phibia), tlie Sauropsida (Reptilia and Aves), and the Mammalia. 
Among the Fishes there are certjiinly such wide differences of organi- 
sation that we ai'O justified in dividing them into several classes. 
The Leptocardia miglit be separated not only from all the Kshes but 
also from all other classes of Vertebrates as Acraniata; also tlie 
SeUchians, the Cyclonfomes and the Dqmoi might be regarded as 
separate classes if it were not more convenient to preserve the unity 
of the class Pisces. 


OIIAPTER V. 

Class I— PISCES.* 


Cold-blooded, yeneraUfj scalp, aquatic animals with unpaired fins 
a/nd paired pectoral and pelvw fins, Theij breathe exclusively by 
means of pills, and have a simple heart consistiwj of auricle and 
ventricle. They are without anterior urinary bladder. 

The peculiarities which the structure and internal organisation of 
these animals present result in general from the requirements of their 


* Cuvier et Yalenf.icnncs, “llistoire Katurclle dc^ I’oissons.” 22 Vols., 

^Toh.^*MUl1er, » Verglciohcndc Anatomic fier Myxinoidrn 

L. Agassiz, “ Rechcrclies sur les poissons fossilcs. Ncutcluitel, 1833-44. 

GUnther, “ Catalogue of the fishes in the British Museum 

C. E. V. Baer, “ Entwickeluugsgcschichte der Fisehe. lAipzig, 

VOL. II. 
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aquatic habits. Although there are in all classes of Vertebrates 
forms which move and live in water, yet nowhere is the whole organi- 
sation so completely adapted to an aquatic life as in Mshes. 

The body is in general spindle-shaped and more or less compressed, 
but in details presents numeroiis modihcations. There are cylindrical, 
snake-like fishes (Lmipreys) as well as fishes with a spherical, balloon- 
like form (Qyninodimta)^ Others are elongated and band-shaped, 
and others again are very short, flat and unsymmetrical (Pleuronectida>^, 
Finallya dorsoventral flattening may lead to a flat discoidal form(i^ay«). 

Locomotion is eflected mainly by lateral flexions of the vertebral 
column, which are caused by the powerful body muscles. The effect 
of these movements may be greatly increased by the unpaired dorsal 
and ventral fins, which are capable of being elevated and depressed. 
The two pairs of extremities — the pectoral and pelvic fins — appear, 
on the contrary, to be used more as rudders to direct the course of 



Fig. Perea flumatilii (rej^ne animal). 


the animal. The structui*e of the vei-tebral column, which is not 
divided inro many regions, corrresponds to the mode of locomotion. 
The head is directly attached to the trunk, and is usually ligidly 
connected with it. A moveable cervical region, which would be a 
hindiunce in swimming, is completely absent. The anterior part of 
the body is rigid, but behind it becomes more flexible and passes 
gradually into the the tail, the vertebrie of which permit of the most 
complete movements on one another, and which on that account 
constitutes the principal organ of locomotion. 

Fins. — The system of unpaired fins is developed from a median 
cutaneous fold of the embryo, extending over the back and tail as far 
iis the anus. Subsequently this fold becomes broken up into parts, the 
definite unpaired fins. There are usually three such parts, constituting 
the dorsal fin {pinna dorsalis), the caudal fin {pinna cavdalis), and anal 
^ (pinna analis) (fig. 583). Thase ridges of skin are supported as 
a rule by firm i-ays— the fin-rays ; in the. Teleosteans either by hard, 
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bony, pointed spines — the so-called spine-iuys — or by 

soft jointed rays The caudal fin is as a rule composed 

of a part of the dorsal and a part of the ventral fin-fold, but it varies 
much in its form. When the dorsal and ventral lobes are s3rmmetrical 
the caudal fin is said to be homoceroal ; when the ventral lobe is the 
larger, in which case the caudal part of the vei'tebral column is usually 
bent dorsalwards, the caudal fin is said to be heterocercal. It some- 
times happens, however, that while the caudal fin is externally homo- 
cercal the axial skeleton is bent dorsalwards so that the fin is 
internally heterocercal. 

The paired pectoral and pelvic fins cori'espond to the anterior and 
posterior limbs of other Vertebrates. The former arc attached to the 
head immediately behind the gills by means of an arched shoulder- 
girdle, while the two pelvic fins are approached to the middle line 
and placed further back, usually on the abdomen (vcntml fins) ; 
sometimes, however, they lie between the pectoral fins (thoracic fins), 
and more rarely in fi’ont of the latter on the throat (jugular fins). 

The integument of fishes is seldom completely naked {Cydoatom/i), 
As a rule scales — ossifications of dermal paj^illaj, which are completely 
covered by epidermis — are embedded in it. The scales are often 
so small that they are hidden beneath the skin and seem to be 
completely absent (Eels). As a rule, however, they are present as firm, 
more or less flexible plates, which are covered with a number of 
concentric lines and radial stiuations and lie on one another like 
slates on a roof. Scales may bo distinguished according to the 
structure of their free edges as cycloid scales with smooth edges, and 
ctenoid scales with serrated edges. Scales, whudi (overlap but little 
and are geneitilly rhomboidal, more rarely cycloidal in shape, and 
liave an outer layer of enamel, are called ganoid scales, while the 
term placoid scale is applied to the small bony granules (composed 
of enamel and dentine) of different shaj)es, which lend to the sui’face 
of the skin the appearance of shagreen (these are the primitive form 
of teeth). Agassiz divided the Fishes accoi-ding to the shape of their 
scales into Cycloids, Ctenoids, Ganoids, and Placoids, 

In the skin there are peculiar cutjinoous canals communicating 
with the exterior by lateral i*ows of pores. These are called the 
lateral lines and were considered to be slime-secueting glands till 
Leydig* discovered that they contain a sense organ. 

* Compare Leyclj^, “ Ueber das Organ eines seehston Siiines.” Dresden, 180S 

Fr. E. Schulze, ‘‘Ueber die Sinnesorgaiie der Seitenlinie bei Fischen uiid 
Amphibien.” Arclk.f 'dr miltrodt. Anatmnie, Tom. VI., 1870. 
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In the Myxinoida and Acvpenaeridce these organs have the form of 
short sacs; in the Ihiys, Skates, and Chimseras they are simple tubes, 
which begin as ampullai and extend also over the head in several 
rows. In the Teleoatei there are branching tubes which pierce the 
scales of the lateral lines as pores, and are also present on the head in 
several rows (fig. 583). Nerves run in the walls of these tubes and 
end in knob-like swellings. The epithelial covering of the latter 
contains in the centre short piriform cells, which at the free end are 
prolonged into a fine stiff hair, while at the base they pass into a 
varicose process — the axis cylinder of a nerve fibre (fig. 584). 

The skeleton in its simplest form consists only of the iiotochoi'd 
{^Amjihioxua), The notochord also persists in the Myxinoids, which 

possess a cartilagino-mom- 
branoiis cranial capsule. 
In the Petromyzontidoi* 
thei*e appear for the first 
time, above the notocdiord, 
cartilaginous neural arches, 
and similarly beneath it 
l)aired cartilaginous bands. 
These are the first rudi- 
ments of the dorsal and 
ventral vei*tebral aiches. 
These vertebral arches are 
more perfect in sturgeons 
(^Acipenser), and in the 
(^Chiinfpra), in 
which tlie notochord per- 
compact connective-tissue sheath. A 



Fics. TiSi. — tf, Lateral organ in tlic tail of afisli (roach) 

Nf nerve, lateral organ in the head of a young set! - Cats 
tish (bream) (after F. E. Scbul/c). 


.sists, surrounded by a very 
<Uf!erentiation of the axitil skeleton into septirate vcrtebiw is first 
found in the Skates and Rays, where dorsal and ventrtil arches 
arc united with annular portions of the notoclioi*dal sheath which 
become cartilaginous vertebral bodies. The notochord is constricted 
by the growth of the latter in the centre of each vertebi-a, in such a 
manner that biconcave {amphicwloua^ vertebral bodies are formed, 


* Compare Joh. Miillcr l.c., lleichert, *• Ueber die Visccralbogcii im 
Allgemeiuen, etc.” NuUcr'a Arvhir^ 18S7. 

A. Kolliker, “ Ueber die Bczieliuiigcu der (IJliorda dorsalis zur IMldung der 
Wirbel der Selachier and einiger anderer Fisclic.” Wiirzbnrg. 1866. 

C. Gegenbaur, “ Ueber die Entwickelung der Wirbelsaiile des Lepidosteiis mit 
vcrgleichenden anatomisehen Bemerkungen.” Jvh» natiirn’iJtxefutch, Zeitachr.^ 
Tom. nr. 



SKULL. 


133 


the conical cavities of which contain a part of the remains of the 
notochord. The notochord as a rule persists also in the centre of 
the vertebral body as a thin cord (connecting tlie dilated inter- 
vertebral portions, lig. 570 a). In the bony Ganoids and the 
Teleosteans the biconcave'" vertebral bodies are completely ossified 
and fuse with the corresponding upper and lower bony ai’ches, so as to 
form a complete vertebivi. In some parts of the tmnk ribs are attached 
to the pieces of the ventral ai*ches (ha)mapophyses) which here diverge 
from one another; and theie are often in addition ossifications of the 
inter-muscular ligaments. 

The structTire of the skull in Fishes presents a series of gi’ades of 
development culminating in the complicated skull of the l^eleostei. 
The primortlial skull of the Ct/clostomes is the simplest. It consists 
of a cartilagino-membranous cranial capsule, in tlie hard basilar part 



Fio. 685.— (’cphalic Hkelotou the Sturgocm (after Wio lorsheim). Jio, rostrum ; C», nasal 
pit; O, orbit; //w, hyomanclibular ; symploctic ; Py, palatoqundrate ; M/, lower jaw ; 
////, hyoid bone ; V, foramen for the vagus ; if, ribs. 

of which the notochord ends. Two bony capsules — lateral appendages 
of the bony basilar region — enclose the auditory oi'gan, while two 
anterior pieces are connected with the complicated apparatus of the 
facial and palatal cartilage.s. The pi imordial skull of the Selachians 
(fig. 571) shows a further advance in tlevclopment. It has the form 
of a simple cartilaginous cttpsule which is not further divided into 
separate pieces. The notochord ends in its base. In the sturgeon 
(fig. 585), there are bony pieces as well as the cartilaginous cranial 
capsule. These consist of a flat basilai* bone — the pai’asphenoid — and 
a system of dermal membrane bones. A true bony cranhil invest- 
ment is first developed round the primordi.'d skull of the Dipyioi, In 
the bony skulls of the Gmioidei and Ttih‘oittcl there still remain 
continuous portions of the primordial cartilaginous ciunium (Pike 

* In the genus Lrpidofttens alone is there an anterior articular surface on the 
vertebral bodies ; the centra being convex in front and concave behind. 
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and Salmon). The remains of cartilage are retained longest in the 
ethmoid region (SiluniSf Cyprinua), while on the roof and base of the 
skull all remains of cartilage are replaced, partly by membrane bones 
and partly by the primarily ossifying occipitals (basi- and exoccipital) 
and petrosals (periotic) as well as by the alisphenoids. 

The posterior part of the skull is connected with the vertebral 
column without any special articulation (except in the Rays and 


Os 



Pia. 686.— Cephalic skeleton of Perea flmiatilia (r6gue animal). Om, supmoccipital ; Ocx, 
epiotic ; Par, parietal ; 5<7, sciuamosal (pterotic) ; Fr, frontal ; Prp, postfrontal 

(sphenotic) ; PrO, prootic ; Aht alisphenoid ; Pir, parasphenoid ; Ethif median ethmoid ; 
JEthl, lateral ethmoid (prse-f rental); //m, hyomandibular ; S, symplectic; Q, qiiadrute; 
Jlftp, metnpterygoid ; endopteiygoid ; Ekp, ectoptorygoid ; P«;, palatine; Vo, 

vomer; .fwi, intermaxillary (premaxillary) ; Jfar, maxillary; D, dentary; .ir, articulare ; 

angulare : Op, operculum ; POp, prec-operculum ; SOp, sub-operculum; tTOpyintor- 
opereulum ; /fy, hyoid arch ; Pr«, branchiostegal rays ; Cl, clavicle ; Sc, scapula Cor, 
coracoid ; Sue, supraclaviole ; Ac, accessory bone. 

Chimsera), the os basilare having the conical depression and form of 
a vertebral body. Between the exoccipitals (which contain the fora- 
mina for the exit of the vagus and glosso-pharyngeal nerves) and the 
supra -occipital, which is distinguished by a strong ridge, an epiotic 
bone (occipitale externum) is inserted on either side (fig. 586, Oex). 
Close to the epiotic bone is the opisthotic (Huxley), which varies 
greatly in size and form (being very large in Gadus and small in 
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E 80 x)y and the prootic (PrO), which siin’ounds the anterior semi- 
circular canal and is pierced for the exit of the trigeminal nerve. 
There is also an external bone, the squamosal (pterotic) {Sq), to 
which the hyomandibular is articulated. The lower surface of the 
cranial capsule is covered by the long parasphenoid {Pa), The lateral 
walls of the skull are formed by two pairs of wing-like bones — 
the orbitosphenoids and the alisphenoids (fig. 586). Of these the 
alisphenoids are applied to the sides of the parasphenoid, and are 
almost always discernible with their openings for the exit of the 
optic nerves and the orbital branch of the trigeminal. The two 
orbitosphenoids are often united on the floor of the skull so as to 
form a median bone, which, when the cranial cavity is reduced, 
may be represented by a cartilaginous or membiunous septum. 

The roof of the skull is formed of bony plates, below which 
remains of the primordial cartilaginous ciunium are only rarely 
retained. Close in front of the occipital are two parietal bones 
(Par), and in front of these again the great frontal bone (Pr), on 
etich side of which is developed a post-fi’ontal (PrP), which reaches 
to the squamosal (pterotic), and takes pai*t in the articulation with 
the hyomandibular. 

In the ethmoid region there is in the prolongation of the base of 
the cranium an unpaired cartilage or bone, — the median or unpaired 
ethmoid. This is covered ventrally by the large vomer, which is 
attached to the parasphenoid. There are also two paired lateral 
bones — the lateral ethmoids or pra‘frontals — which are perforated by 
the olfactory nerves and form the supports of the nasal pits 
(nasal capsules). There are finally accessory membrane bones — the 
infra-orbital and supra-temporal — which protect the cranial (sensoiy) 
canals. 

A true maxillary apparatus appears for the first time in the 
Selachians and Sturgeons, where a hyomandibular attached to the 
auditory region serves to support the mandibular and hyoid arches 
(figs. 571 i/'and 585 Uni), The upper part of the mandibular arch 
(the palatoquadrate) is usually movejibly attached to the skull by 
ligaments. In the Teleoatei the mandibular suspensorium is divided 
into several parts, and the branchial operculum is attached to it. 
The upper part is formed of a hyomandibular, and two bones called 
by Cuvier the symplectic and tympanic (metapterygoid) ; the prse- 
operculum forms the middle part, and finally the lower part, which 
bears the articulation of the lower jaw, is formed by the quadrate or 
quadrato-jugal. The flat osseous plates applied to the hinder edge 
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of the praeoperculiim constitute the branchial operculum, and are 
distinguished as operculum, suboperculum, and interoperculum. A 
bone extending from the metapterygoid and quadrate to the upper 
jaw corresponds to the pterygoid, and is, as a rule, formed of an 
external (ectopterygoid) and an internal piece (endopterygoid). Then 
come the palatine bone and the apparatus of the upper jaw, with 
the prsemaxilla (intermaxilla), which is placed at the front of the 
snout and is usually moveable, and the very variable, usually tooth- 
less maxilla. The two limbs of the lower jaw are only rarely fused 
together in the middle line, and are divided at least into a posterior 



Fig. 687.— Hyoid apparatus and branchial arches of Prmr Jtnciaiilx* (r^giic animal). 7,'^hyoid 
apparatus j II— V, branchial arches ; a, b, r, d, joints of the branchial arches, the upper 
joints (Opt) are the superior pharyngeal bones (pharyugo-branchials) ; VI, (Op?) the 
inferior pharyngeal bones (reduced 6th branchial); Coj?, copula?; JRb, brauchioBtegal 


rays. 


OS articnlare and an anterior dentaiy ; there ma}', liowever, also be 
an angulare and an operculare. 

Behind the mandibular arch there follows a system of equivalent 
arches surrounding the pharyngeal cavity. Of these the anterior — 
the hyoid arch — bears on its outer edge a number of cartilaginous 
rods, which serve to support the opercular mcmbi*ane and are called 
the branchiostegal rays (fig. 587, jRb), while the remaining arches are 
the branchial ai'ches and serve for the support of the branchial 
lamella) (fig. 587). In the Teleosteans four (seldom three) arches 
bear gills, while the posterior arch is reduced so that only its ventral 
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part (ceratobranchial) remains and forms the so-ualled inferior 
pharyngeal bones (pltaryngealia infeHora). The upper segments of 
the branchial arches, which are applied to the base of the skull, are 
distinguished as the superior pharyngeal bones (pharyngobranchials 
OT pha/ryngealia mperiora). 

Faired Fins.* The pectoral hns are in the Teleosteans attached to 
the skull by means of the shoulder girdle. In the cartilaginous 
fishes the shoulder girdle is a simple cartilaginous arch, which unites 
with that of the other side in the midtllo ventral line. In the 
c^irtilaginous Ganoids the shoulder-girdle is transitional between this 
primary form and the secondary form, which is characteristic of the 
Teleosteans (fig. 586), inasmuch as membrane bones (clavicle) are 
applied to the primary cartilaginous girdle. Ossifications also arise 
in the cartilage itself and give rise to bones known as the scapula 
and coracoid, or the pi-iucorjicoid. 

The skeleton of the fins, which is articulated to the shoulder- 
girdle, can be derived from the primitive form of fin known as 
the archipterygium, which still persists in Ceratodu^ as an axial row 
of cartilaguious pieces beset with jointed lateiul I’ays (radii). 

The nervous system (fig. 588) presents the lowest and simplest 
form found in any Vertebrate. In general the brain is small and 
consists of several swellings lying one behind another. Of these the 
small anterior, as the lobi ol/actorii, pass into the olfactory nerves. 
The lai’ger anterior lobes correspond to the he^nisphei'es, the median 
globular swellings to the lobe of tlie third ventricle with the corpora 
quadrigemina. From this part of the brain the optic nerves are 
given off anteriorly, while on its lower surface tlie infundibulum, to 
which the pituitary body is attached, arises from the floor of the 
third ventricle. 

The posteiior region corresponds to the cerebellum and the medulla 
oblongata. The cerebellum, which varies considerably in size and 
form, constitutes a transverse bridge, which covers the anteiior part 
of the fourth ventricle. Latei'al swellings — the so-called lohi pos- 
teriores — ^are often developed in this region ; in the Sturgeons and 
Squalidic at the oilgiii of the trigeminal nerve, as the lohi nervi 
trigemini ; in Torpedo as the large lohi elect rici, projecting over the 
fourth ventricle. 

A separate visceral (sympicthetic) nervous system is absent in the 

♦ Compare C. Gegenbaur, “ Untcrsuchungeii zui- vergleichcnden Anatomic 
der Wirbelthiere.” 2 Heft, Leipzig, 1866. . ^ i 

C. Gegenbaur, “ Ueber das Skclet der Glicdmasseii. Jf'u, naturwm, Zeitsdi,, 

Tom. V. 
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Oyciostoima "alone, where it is represented by the vagus and by fibres 
of the spinal nerves. The spinal cord, the mass of which is con- 


A 



Fig. 68R.— Brain and anterior part of the Rpinal cord and nerves of Hexanchut gritetu (after 
Gegenbanr). The nerves are dissected out on the ri^ht side ; the right eye removed. 
A, Anterior cavity of the skull j A", nasal capsule ; TA, fore-brain (cerebral hemispheres) ; 
3fA, mid-brain (optic lobes); Ce, cerebellum; 3/o, medulla oblongata; Bo, olfactory 
bulb ; tr, trochlear nerve (fourth nerve) ; 5V, first (ophthalmic) branch of the trigeminal 
or fifth ; a, terminal branches of the same in the ethmoid region ; second branch ; 
XT'", third branch; Fa, facial (seventh); Gp, glossopharyngeal (ninth); Vg, vagus 
(tenth) ; L, lateral branch of vagus (to lateral line) ; J, intestinal branch ; Os, superior 
oblique muscle of eye ; Fi, internal rectus muscle ; Fs, external rectus ; Fs, superior 
rectus; S, spiracle; Pg, palatoquadrate ; llm, hyomazidibular ; F, branchial rays; 
I—VIt branchial arches ; Br, branchise; P, spinal nerves. 


siderably greater than that of the brain, extends tolerably uniformly 
throughout the whole length of the neural canal, and usually does 
not form a so-called cauda equina. Rarely its upper part presents 
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paired or unpaired swellings {Trigla, Orthagoriscua) at the origin of 
the spinal nerves. 

The eyes are seldom hidden beneath the skin and the muscles 
{Myxine, Petromyzon, Amhlyopaia). In Amphioxus they are repre- 
sented by a pigment spot lying directly on the central nervous 
system. In all other fishes they are characterised by possessing 
a flat cornea and a large, almost spherical crystalline lens, the 
anterior surface of which projects far out of the pupil (fig. 589). As 
peculiar structures of the eyes of fishes are further to be mentioned 
the so-called chorMeal gland — vascular body (rete mirabile) usually 
projecting at the entrance of the optic nerve, as well as a. fold of 
the choroid known as the processus falci/ormis, which traverses the 
retina, and the campanula Halleri which is attached to the lens. 

The auditory organ * (absent only in Amphioxus) consists only of 
the labyrinth (fig. 578, /), and in Teleosteans, 

Ganoids, and Chimcera lies pai*tly in the cranial 
cavity, surrounded by fatty tissue. It is worthy 
of notice that in CyprinoidcB Charadnoi, Silurida', 
and others, the labyrinth is connected with the 
swimming bladder by a chain of small bones. 

The olfactory organ in Amphioxus consists of 
a simple unsymmetrical pit at the anterior end 



of the nervous centre. In Cychstomes also it 
consists of a simple tube, with an unpiired median 
opening. All other fishes possess double, and 
indeed with the exception of the Dipnoi blindly- 
closed nasal cavities, the internal surface of which 
is considerably increased by folds of the mucous 
membrane. 


Fig. 580. — Horizontal 
section through the 
eye of E»ox Ivriu*. 
CV>, cornea; X, lenp; 
P/, processus falci- 
forraiK ; C7/, cam* 

pannla Hulleri ; Uo, 
optic nerve ; <SV, 
ossiOcationH of the 
sclerotic. 


The sense of taste seems to be less developed. It is located in 


the buccal cavity, and especially in the richly innervated part of the 
soft palate. For the tactile sense, lips and their appendages — the 
frequently appearing barbules — probably serve. Certain isolated 
rays of the ventral fin may also, on account of their I’ich nerve 


supply, be regarded as tactile organs {IVigla), The nervous organs 
of the so-called mucous canals, which we have before mentioned. 


constitute an organ of a special sense. 


* Compare B. H. Weber, “De aure ct auditu honiinis et animalium.” P. I., 
“ De aure animalium aquatilium. ” Lipsiae, 1820. 

C. Hasse, “Anatomische Studien.” Heft 3 : *• Das Clohororp^an der Fische.’ 
Leipzig, 1872. 
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The electrical organs^ niay be mentionecias a peripheral appendage 
of the nervous system {Torpedo, Gymnotus, Mcdapterurus, Mor- 
m^rua). They are nervous apparatuses which in the arrangement of 
their parts may be compared to a Voltaic pile. They develop elec- 
tricity, and give electrical discharges when their opposite poles ai'e 


0 



Fig. 590. —Torpedo with olectiic organ dissoctod out (JSO) (after Gegenhaur). On the right 
aide the dorsal aurfaci? only of the organ is exposed ; on the left side the nervea which 
go to it are shown. Lc, electric lobe ; Tr, trigeminal nerve ; V, vagus nerve ; O, eye ; Br, 
gills ; on the left the indhidual branchial sacs ; on the right the latter are shown covered 
with a common muscular layer. Or, GolatinouB tubes of the skin (sense canals). 

connected. In Torpedo those organs are situated (fig. 590) between 

* Compare Savi, “ llechcrcbos anatomiques but Ic syst6me nerveux et but 
Tor^ne 61ectrique de la torpillc.” Paris, 1844. 

Bilharz, “Das elektrischc Organ des Zitterwelscs.” Leipzig, 1857. 

•Max Schaltze, “Zur Kenntniss des elektrischen Organs der Fische.” 1, 2. 
Halle, 1868 and 1859. 

Max Bchultze, “Zur Kenntniss des den elektrischen Organon verwandten 
Scliwanzorganes von Raja clavata.” Mailer^ s Arohiv, 1858. 

Sachs, “ Uiitcrsuchungen am Zitteraal.” Leipzig, 1881. 
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the branchial pouches and the anterior cartilages of the pectoml 
fins, and consist of a number of perpendicular columns onclosed by 
walls of connective tissue. The columns are divided by a gi‘eat 
number of membranous transverse partitions into a series of com- 
partments placed one above another. Each of the lattei- contains a 
layer of gelatinous tissue, and a finely granular plate containing 
nerve endings and large nuclei {electrical pkitr). The latter corre- 
sponds in a certain degi'ee to the copper and zinc elements of the 
Voltaic pile, the former to the moist intermediate layer's ; wliile the 
connective tissue fiumework seems to sei've only to carry the nci*ves 
and blood-vessels. Each transverse partition contains :i ricli network 
of nerves, which is distributed on the electi'ical plates. The face on 
which the nervi's mmify is the same inwall the columns of the same 



Fio. 691.— AliiiienUiry ciinal and genemtive organs of Old pea //fman/M* (nfior Mninilt). Rr, 
gills ; 0^, a'sophHgiiB ; V, Btomacli ; iiylorie iippen<lagcs ; iutestimi ; A, anus ; 
Vn, swimming bladder; 2)p, iraeumatic duct; spleen; T, testis; T'lZ, vas dofei'ens; 
C/p, genital j)f)rc. 

organ, and is always electro-negative, the opposite free surfe^e 
being positive. In Malapterniras, the other surface of the plate (the 
posterior surface) on which the nerves enter is electro-positive, but 
this apparent exception is explained by the fact that the nerves pass 
through the plate and are distributed on the anterior surface, which 
is electro-negative. In the electric Eel {Gymn^m deciricas) the 
electric organ lies at the side of the tail and consists of long liorizon- 
tal columns j in Maloptcrur'os it lies along the body beneath the skin. 
Similar oi'gans in MormyrusnY^. distinguished as pseudelectric organs, 
since although they have a similar structure, they give rise to no 
electric phenomena. 

The digestive organs vary much in structure. The nioutli, which 
is placed at the anterior end of the head, usually has the form of a 
transverse slit, and can sometimes be extended forward by means of 
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the moveable snppo 5 i(^ijjg bones of the upper and lower jaws 
(^Labroidea), The Wuccai cavity is distinguished by its width, and 
by the great num^gp of teeth it contains, which are developed from 
the papillae! of tjg^e mucous membrane by dentinal ossification. There 
are often tw^ curved paiullel rows of teeth on the upper jaw ; an 
outer row the pi*emaxilla, and an inner row on the palatine, and 
there mf^ also be a median unpaired row on the vomer. On the 
lower Mw there is only one curved row of teeth. There may also be 
teetl^ on the hyoid arch and on the upper jaw (maxillae) and para- 
8^1%6noid, and, as a rule, on the branchial arches also, especially on 
^he upper and lower pharyngeal bones. The teeth are distinguished 
^ according to their shape into pointed conical preliensile teeth and 
grinding teetli. 

A small, hardly moveable tongue is developed on the floor of the 
^ buccal cavity, and the 

\ ^ lateral wal^s of the 

fei iii ^ cavity, there is a 

usually short, funnel- 

ri». louRitulal throuRl. the a-sophagus, and 

head of a larva of Prtromyson (after Balfour). JV, nervous a large stoniach, wllich 
system; f’A. notochord; Of, auditory vesicle (represented • fVpmiPnflv flt-iiwTi 

as visible) ; O, mouth ; Vv, velum ; H, thyroid involution ; ii equein^iy ui awn 

JTjt, liranchinl pouches; C, heiirt; Ab, optic vesicle; out into a CJecUHl of 

o/.oUhctorj-pit. consideiuble (fig 

591). Csecal appendages [jrghn'ic appendages) are not unfrequcntly 
met with at the entrance to the longer mid-gut (small intestine) 
which is marked ofl' by a valve ; they probably serve the purpose of 
increasing the extent of the secreting surface of the alimentary canal. 
The intestine is usually several times coiled, and its internal surface 
is remarkable for the longitudinal folds of the mucous mem- 
brane ; villi such as are found in the higher Vertebrates are only rarely 
present ; but in the Selachians, Ganoids, and Dipnoi there is a peculiar 
spirally-coiled longitudinal fold — the so-called spiral valve — which 
contributes essentitilly to the enlargement of the absorbent surfiices. 
A rectum is not always clearly marked oft’, and when present is 
always short, and in the Selachians it is furnished with a caecal 
appendage. The anus is usually situated far back, and is always 
ventral and in front of the urinary and generative openings. In 
fishes with jugular fins, and in some Teleosteans without v’entral 
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fins, it is situated very far forward, and may even be on the 
throat. 

Salivary glands are absent in Fishes, but there is a large liver 
which is rich in fat and is usually provided with a gall-bladder; 
there is also usually a pancreas, which is by no means replaced by the 
pyloric appendages as was formerly believed. 

In many fishes the swimming bladder, an organ which by its mode 
of origin corresponds to the lungs, is developed as a diverticulum of 
the alimentary canal. It is almost always an unpaired sac tilled 
with air and placed on the ventral side of the vertebral column, 
dorsal to the alimentaiy canal : it is sometimes closed and sometimes 



Fig. 693.— Horizontal Bection through the brauchial cavity showing the roof, rr, of one of 
the Squalvlat h, of a Teloosteau, (altered from Gogenbaur). Nal, nasal aperture ; Md, 
mandible ; hyoid arch ; ITA, branchial arches ; Oe, cesophagus ; Spl, spiracle ; Rr, 
gills ; Sp, gill slits ; Rr, septa of brauchial pouches ; Pub, pseudobrauch of the branchial 
operculum (hyoid pseudobranch) ; Op, operculum. 

communicates by an air tube — the pneumatic duct — with the 
interior of the alimentary canal {Physostomi) (fig. 591 V71). Its walls 
are formed of an external elastic membrane which is sometimes 
invested with muscles, and an internal mucous membrane. Glandular 
structures are sometimes present in the internal coat, and these 
may exert an influence on the enclosed air. The internal surface is 
usually smooth, but sometimes is provided with reticulated pro- 
jections which lead to the origin of cellular cavities {Ganoidei). 
Physiologically the swimming bladder is a hydrostatic apparatus, 
the function of which seems to consist essentially in rendering the 
specific weight of the fish variable, and in facilitating the rapid change 
in the position of the centre of gravity. The fact that many fishes 
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■which swim very well are without the swimming bladder is by no 
means favourable to the interpretation of its function. When it is 
present the fish must have the power of compressing it, pai*t-ly by the 
muscles in its walls and partly by the muscles of the body, and thus 
rendering the body spccific.ally heavier so that it sinks. When the 
compression of the muscles is removed the compressed air will again 
expand, the specific gravity diminish and the lish will rise. If the 
pressure is unecjual on the anterior and postei-ior parts then that 
half of the fish which is rendered specifically heavier will sink. 
Still more complicated relations, however, seem to exist according to 
the investigations of Bergmann.* 

Respiration is in all cases effected by gills. 

In the Cychstomes (fig. 592) which have no visceral arch€\s there 

are six or seven pairs of bianchial 
pouches. These oj)en into the <esO“ 
jdiagus either by internal branchial 
passjiges or [Po.from y::(m) by a com- 
mon canal which I’eceives all the 
branchial j)assages. The water is 
exj)elled through extciual branchial 
})assiiges round which a network of 
cartilaginous rods is developed. 

In the Playutsfomes (fig. 593 a) 
there are sjiccular sjiaces the walls 

Fio. 591.— Heiui of Amibas naiHihtig Qf w^liich are suppol’ted by car- 
(W'jriK' animal). The o|KTCulnin .... i i i 

iiiisigboeii removed to Hhow the tilaginous rods. Tliese bi'anchial 

ppiinouH upper phar 3 ’ngc»i i»ohch communicate with the exterior 

(idwirj'ijffo-hrmicliialM). 

l)y lateral openings and contain the 
branchial leaflets which ai*e attached to tJioir walls: they are separated 
fi’oni one another by pirtition w^alls which are placed between the 
two I’ows of leaflets of each arch, and they ni’e sup}>orted by an 
external framework of cartilaginous rods. In the Selachians there 
are, as a. rule, five pairs of branchial sacs, of wliich the last has a row 
of leaflets on its anterior wall only, ?.<?., on the posterior side of the 
foiii th true branchial arch ; while the first pouch has, in addition 
to the anterior gill of the first branchial arch, a gill on the 
hyoid arch corresponding to the accessory gill of Cldmora and the 
Gmunthi. The mandibular arch, however, sometimes hears a 



* (Compare bergmaiin and T.cuckart, “.Anat. Thys. Uebcrsiclit dcs Thicr- 
rcichfi.” Stuttgart, 1852. 
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remnant of a gill — the pseudohrane^i of the spiracle^the vessels of 
which belong to the ai‘terial circulation and form a rete mirabile. 

In the Teleosteans (hg. 593 h) and the Ganoids the lancet-shaped 
lamellse are arranged in double lOws 
on the four visceral arches which func- 
tion as branchial arches, and they foim 

four c^)mb-shaped gills on either side. 

These gills lie in a spacious branchial Jo. L 

cavity covered by the branchial oper- ^ / 

culum and the branchial membrane. 

There is, however, an accessory gill on ^ I \ 

the inner side of the branchial oper- i \ A ^ 

culum ; this in many G-anoids and 1||| fc\X 

Ohimajra functions as a gill, but in J A 

the Teleosteans has lost its respimtory |V 

function, and is then known iis the |J ^ 

pseudobiunch of the operculum or of J \r »l^ 
the hyoid arch. / / 

External gills projecting from the V / A 

slits of the branchial pouches are found / \\ * / m 

only in the embryos of the Pldgiostoines, \ / m 

Rudiments of external gills are found \ \ / r 

in llhinocryptiH annectPMs, \ / \ I f 

Finally the secondary ciivities, which / I 

are sometimes found annexed to the K ■ Ijm 

branchial cavity and increase the re- W 

spii-atory surfaces by the development \ f 

of a capillary network, must be regarded | I 

as accessory organs of respii*ation. They A A 

consist either of labyrinthine ctivities ///M\\\\ 

in the superioi* pharyngeal bones (fig. 

694) or of sMXJular appendages of the 6«6.-Dia«r»raof thecu-culaaon 
branchial cavity (Saccahranchtis, Arn- of aTeieostoan. r, ventricle ; Rm, 

, . \ rn 1 1 • 1 p buIhuB arterioHus with the arterial 

phip'iWtlH), True lungs derived fl-om arc;>,e« which cany the hloort to 

the swimming bladder, with internal arterial arches ; Ao, 

. aorta doHcenrIeus intt) which the 

cellular spaces, a short air- tube 'and ef)ihranchiul arteries passinj? out 

glottis-like opening into the pharynx, ; 

are only found in the Dipnoi (according 

to Hyrtl the swimming bladder of Gymnarclma is also a lung). 

Vascular system. — The blood is generally i-ed ; it is white only 
in Amphioxus and the Leptocepludidm \ it circulates in a closed 

10 
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vascular system, in which, except in Amphioxus, a muscular pulsating 
region or heart is present. The heart (fig. 595) is placed far forward 
on the throat, ventral to the branchial framework, and is enclosed 
in a pericardium, the cavity of which communicates with the body 
cavity in some Phigiostomea^ Chimcera^ Acipmser, etc. It is a simple 
venous branchial heart, and is composed of a thin-walled large 
auricle and a very powerful muscular ventricle. The auricle receives 
the venous blood returning from the body, and the ventricle forces it 
through an ascending aorta to the respirctory organs. The aorta 
begins with a bulbous swelling (Imlhua arterioms), which in the 
Ganoids, Pkigiostovms, and Dipnoi is replaced by an independently 
pulstiting part of the heart with rows of semi-lunai* valves (conus 
arteriosus). While the fishes with a simple non-musculai* hulhus 
arteriosus have but two semi-lunar valves at its origin, the above 
mentioned orders usually have two to four, or larely five rows of 
three, four or more valves e^h in the conus ai*teriosus. The aorta 
at once divides into a numbei* of paii*ed vascular arches corresponding 
to the embiyonic aortic arches. These are the branchial arteries ; 
they pass into the branchial arches and give ofi* biunches to form the 
capillary networks of the gills. Fi’om the capillary networks small 
vessels pass out which unite to form a lai-ger branchial vein in each 
branchial arch (epibranchial arteiy). The arrangement of these 
veins corresponds to that of the branchial arteries ; they unite to 
form the large aorta descendens or dorsal .mrta. Before tliey unite 
the cephalic arteries pass off from the epibranchial arteries of the 
anterior arch. I^he arrangement of the principal venous trunks in 
fishes is most nearly related to the embryonic condition. Correspond- 
ing to the four cardinal veins of the embryo, two anterior and two 
postenor vei*tebral * veins (jugular and cardinal veins) bring back 
the blood from the anterioi* and jK)sterior part of the body re 
spectively. These veins unite on each side to form two transverse 
veins — the dmtus Cuvieri — which enter the sinus venosus of the 
heart. The course of the returning venous blood is complicated by 
the insertion of a double portal circulation. Tlie caudal vein passes 
dii'ectly into the posterior cardinal veins only in Cyclostomes and 
Selachians : in all other fishes there is a renal -poital circulation, in 
that the caudal vein breaks up into capillaries in the kidneys, fiom 
which the blood passes into the posterior cardinal veins. For the 
hepatic poi’tal circulation on the other hand the venous blood of tlie 


* Often called the anterior and posterior cardinal veins. 
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intestine is used ; this blood after passing through the capillaries of 
the liver is returned to the heart, by one or moi'e veins which cor- 
respond to the inferior vena cava and open into the sinus venosus 
between the two ductus Cuvieri. Such ciipillary systems must be"a 
considerable hindmnce to the circulation of the blood and explain 
the development of the so-called accessory heiirts on the caudal vein 
of the eel and on the portal vein of Myxime, 

The urinary organs of Fishes (fig. 596) consist of pau*ed kidneys 
extending along the backbone from the head 
to the end of the body cavity, and giving off 
two ureters which unite into a common duct 
on which a bladder is Uvsually developed. The 
urinary bladder and its duct always lie be- 
hind the intestinal canal. In most Teleo- 
steans the efferent duct of the bladder opens 
by a common orifice with the sexual opening, 
or on a special papilla behind the sexual 
opening. In the Plagioatomss and Dljfmoi 
on the other hand a cloaca is developed ; in 
the former the ureters and the generative 
ducts open into the dilated terminal pai*t of 
the intestine — t.e., the cloaca — behind the 
rectum ; while in the latter the ureters open 
into the cloaca separately on each side. 

Generative organs. — Excepting in certain 
forms, such as Serraniis and Chrysophrys, 
which are hermaphrodite (also some caips), 

Pishes are of separate sexes : the two sexes 

Fio. 596,— Kidneys of Sulmo 
often present more {Mivc^'opodus) or less farh (after R, kki- 

(Tincci, Cofdtis) considerable sexual differ- neys; r. ureter ; Te.])ia(idor. 

' ’ ' , like dilation; Ur, efferent 

ences. The male snd female reproductive duct of bladder; d, ductuB 
organs (fig. 591 ) often resemble one another Huboiavian vein, 

so closely in form and position that it is nec.essarv to investigate their 
contents in order to distinguish the sex, especially as extei*nal sexual 
differences are frequently absent. 

The ovai'ies are paired (in the Myxinoida the S(pmUd,<t>, and certain 
Teleosteans, as Perm, BUnnim, Cohitia, they are iinpaii*efi) elongated 
sacs, which lie ventiul to the kidneys at the sides of the intestine and 
the liver. The ova originate on the internal transversely folded 
walls of the ovaries in closed follicles in which they receive a thick 
egg-capsule (with pores and micropyle), and escape thence into the 
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cavity of the sac which becomes greatly swollen at the breeding 
time. The testes on the other hand are, except in the Cydoatomea^ 
paired, and they are composed of transverse canals or vesicular 
cavities. 

In the simplest case the testes and ovaries have no special ducts, 
but the genital pi-oducts are dehisced from the wall of the gland 
into the body cavity, whence they pass out to the exterior through a 
genital pore situated behind the anus (in Oyclostomes, Eels, and 
female Salmon). As a rule, however, generative ducts ai*e present ; 
they may either be direct prolongations of the genital glands as in the 
Teleosteans, or as in the Ganoids, female Plagiostomes and Dipnoi 
independent ctmals which begin with a free funnel-shaped opening 
into the body cavity (Mullerian ducts). In the Teleosteans the two 
oviducts as well as the vasa defei*entia unite to for m an unpaired 
duct which opens to the exterior on the urogenital papilla between the 
openings of the anus and the urinary duct ; in the Ganoids, on the 
other hand, as well as in the Plagiostomes and the Dipnoi a common 
cloaca is foT*med. Accessory external copulatory organs are only 
found in the male Plagiostomes, in the form of long grooved 
cartilaginous appendages of the ventral fins. 

Most fishes are oviparous; only a few Teleosteans, as AnMepa, 
Zoarcea, the Cyprhwdonta, etc., and a grejit number of the Sharks, 
bear living offspring, which for the most part undergo their embryonic 
development in a dilated part of the oviduct which serves as a uterus. 
Kepi'oduction usually takes place only once in the year, most fre- 
quently in spring, more rarely in the summer, and exceptionally, as 
in many of the Salmonidvt,, in winter. Many fishes, especially the 
males, undergo changes of colour and develop gi’owths of skin at the 
spawning time. The two s(^xes often assembh» in great shoals and 
seek out shallow places near the banks of rivers or near the sea coast 
(Herrings) for spawning. Some make more extended migrations 
and pass in great shoals over great distances along the se.‘i coast 
(Tunny- Fish). Others leave the sea and pass up the mouths of 
rivei's, and overcoming great obsttudes (Salmon leaps) make their way 
up into the smaller stresims in which they deposit theii* spawn in 
sheltered places where the food is plentiful (Salmon, Sturgeon, etc.). 
The Eels on the other hand mignite from the rivers into the sea, and 
in the following spring the young Eels enter the freshwater by 
millions and pass up the stream. Tlie spawn is as a rule fertilized in 
the water, and thus artificial feitilization and pisciculture is rendered 
possible. In the viviparous fish, and in the Rays, Chimo^ra, and 
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Dog-fishes, which lay large eggs enclosed in a horny shell, a true 
copulation and an internal fertilization of the egg takes place. It is 
worthy of note that in a few exceptional cases the male undertakes 
the charge of the bi*ood (^Hippocampus^ Gottus, Chbsterosteus^, 

The embryonic development of the fishes is principally dis- 
tinguished from that of the higher Vertebrates by the fact that 
neither amnion nor aUantois are developed. Both the small eggs of 
the Teleosteans, which are provided with a micropyle, and the large 
eggs of the Plagiostomes, which are surrounded by a hard horny 
case, contain a large quantity of food yolk, and undergo a partial 
segmentation. The eggs of Amphioxus and of the Cyclostomes, 
however, undergo a total segmentation. As a rule the young fishes 
leave the egg-membr‘anes tolerably early, with more or less distinct 
remains of the yolk-sac, which is by this time completely taken up 
into the interior of the body, but projects externally, like a hernia. 
Although the body-form of the just-hatched fish differs essentially 
from that of the adult animal, yet no true metamorphosis takes place 
save in a few exceptional cases. 

Most fishes live in the sea, and the number of their species and 
genera increases as we approach the equator. But they are not all 
exclusively confined to fresh or salt water. Many, as the Plagio- 
stomes, live filmost entirely in the seji ; others, as the Cyprinoidei 
and Esocidm, are confined to fresh water, but there are also fish 
which periodically change their habitat, especially at spawning time. 
Some fish live in subterrane4in waters and are blind like the 
inhabitants of caves (^Amhlyopsis spelayus). Few fish ai*e able to 
live any length of time out of water ; as a rule the wider the gill- 
slits, the (|uicker does the fish die on dry land. Fishes with naiTow 
gill-slits (Eels) possess an uncommon tenfuiity of life out of 
water. According to Hancock, a species of Doras migrates in great 
shoals over the surface of the gix)und from one piece of water to 
another. Except the Dipnoi^ cerbiin East Indian fresh- water fish, 
whose upper pharyngeal bones are hollowed out into the form of a 
labryinth and form a multicellular reservoir for water, are capable 
of living the longest time out of water i^Anaha^ scandens). There 
are even fishes which can fly (^Exocmtus, Dmtylopterus), 

Fishes are of great importance to our knowledge of the develop- 
ment of animal life on the eiirth owdng to the frequent appearance of 
their fossil remains in all geological periods. In the palHeozoic 
formations very singular fish-forms, as the CepJialaspidai (^Cepalaapis, 
Coccosteus, Pterichthys), constitute the oldest representatives of the 
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Vertebrata. From the palseozoic formations to the chalk we find 
almost exclusively cartilaginous fishes and Ganoids, amongst which 
the forms with persistent notochord and cailiilaginous skull pre- 
dominate. Gkinoids, with a fully-developed bony skeleton, round 
scales and an externally homocei'cal caudal fin, appear for the first 
time in the Jura, where we also find the first Teleosteans. Fi’om 
the chalk onwards, in the more recent formations, the Teleosteans 
increase in number and variety of forms the nearer we approach to 
the fauna of the present time. 


Order 1. — Lei»tocardii * (Acrania). 

Lanceolate. Fishes without paired Jins, The notochord is persistent ; 
there is no skull-capsale. The blood is colourless, and there are 
p'idsatiny vascular trunks. 

The body of Amphioxus (which was tiiken by Pallas for a slug) is 
about two inches long. It is shaped like a lancet, and is provided 
with dorsal and anal fin-like folds, which, however, are without rays, 
and are continued into the lancet-shaped caudal fin. In the place 
of the vei*tebi*al column the strong notochord persists ; on tiie dorsal 
side of this is the spinal cord, the slightly swollen anterior exti*emity 
of which represents the rudiment of the brain. There is no caj)sule 
corresponding to the skull. There is a rudimentary eye, consisting of 
ail unpaired pigment spot, situated at the anterior end of the centml 
nervous system in the nervous tissue ; also a small olfactory pit 
placed on the left side. There is no auditory organ. 

The mouth, which is without jaws, is a long slit suppoi*ted by a 
jointed horse-shoe-shapod caHilage, bearing ciliated cirri. ]t leads 
into a long and spacious sac; (phaiynx), which is pierced by a number of 
lateral slits, and serves the function of respiration. At the entrance 
of the pharynx there are two folds, and on either side tliree tinger- 
siuiped ciliated projec;tions. The walls on eiu;h side are supported by 

* Joli. MUlk*r, “ Ur 1)0]’ don Ban und die Leboiisei’scheiiiunffoTi des Braii> 
chiostoma lubricum (Amphioxus laiicoolatus).’’ Ahhandl. tirr Berliurv Akad., 
1842. 

Kowalevski, “ EntwickeluTigsgosohichte von Ainpliioxus lanceohitus.’’ St, 
Petersburg, 1867. 

Kowalevski, “ Woitcrc Studieii, etc.” Arch, fur mikr. Anatomic^ Tom. Xlll. 

W. Jlolph, “ Untersuchungeii iiber den Ban des Amphioxus laiiceolatus.” 
Morph. Jtthr.^ Tom. II., 1876. 

P. Langerhans, “Zur Anatomic des Amphioxus lanceolatus.” Arrh, fur 
mikrosk. Anatomie, Tom. XII. 

B. Hatschek. “ Studien iiber <lic Eiitwickclung des Amphioxus. ’* Arheiten 
aw drm JlCool, Imtitvte hi W ien, Tom. IV., 1881. 
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obliquely directed rods, and form over the rods 
leaf-shaped, inwardly projecting bmnchial folds. 
Between the latter there are slit-like openings 
for the outflow of the water, which psisses into 
a superficial cavity — the atrial cavity — ^pi*oduced 
secondarily by the growing over of a fold of the 
integument and opening to the exterior by a 
pore — ^the atrial jiorc — on the ventral side. 
The intestine begins at the posterior end of 
this branchio-pharyngeal sac, and passes in a 
straight coui-se as far as the tail, where it opens 
by a somewhat laternlly-placed anus. The in- 
testinal tube is divided into two regions, of which 
the anterior receives a caecal hepatic sac, which 
extends forwards on the left side of the pharynx. 

The vascular system is without an in- 
dependent heart, but in its pla(‘.e the princii)al 
vessels pulsate. The arrangement of the vessels 
permits of comparison with the vascular ap- 
paratus of the Invcrtebrata (Anncdids), and at 
the same time it represents, in the simplest 
form, the ari’jingement typical of Vertebrates. 
A longitudinal trunk running beneatli the 
respiratory sac gives off numerous vessels, which 
are contractile at their oiigin, to the gills. The 
anterior pair of these branchial artei-ies forms a 
contractile vascular arch placed behind the 
mouth, tht* two parts of which unite beneath 
the noto(iliord to form the aorta, which receives 
the next following branchial arteries. The 
venous blood returning from the organs is 
collected in a vessel placed above the he]>atic 
ca?(nim ; this vessel becomes the subpharyngeal 
longitudinal trunk. The blood returned from 
the intestinal canal is collected in a vessel — the 
hepatic vein — which breaks up into fine branches 
on the hepatic ca*cum. A second contractile 
vessel (vena cava) re(!eives the blood fi*om these 
bi-anches, and conducts it back into the sub- 
pharyngeal longitudinal trunk. The blood 
coi'puscles are coloui’less. 



¥\(i.fm.—Amp\wxiu\aneeolaiu», C, oral cirri; KS, gills'; X^lirer; anal aperture; A", longitudinal folds said to fonction as kidneys ; P,poreofthe 

branchial chamber; Or, orary ; C’A, notochord; RM^ spinal cord. 
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Generative Organs. — ^The animals are dicecious. The ovaries and 
testes resemble each other externally, and consist of a series of 
paired bodies. They are arranged segmentally (in prolongations of 
the body cavity), one pair being found in each segment over the 



Fia. 698.— T)evclopmeTit of Aaiphioxus (after B. Hiitechek). A, lUasto»pberc. if, coinraonciTig 
invagioation of the entoderm (gostrula). C.liUter KaKtruln, the cilia of the ectoderm 
cells jii’O not re])resentcd. 7), Stage with two somites (primitive segments), seen in 
optical longitudinal section. US, I*rimitive segments or somites ; MF, mesoderm fohls , 
jy, medullary canal ; Or, external opening of the latter. E, Stage w-itli nine somites 
seen from th(! dorsal surface to shew the asymmetry of the somites, the notochord (Cfi) 
is shown in section. F, Larva with month (O) an(l first gill slit (K) scon from the left 
side ; 2), intestine ; Iff, ventral blood-vessel. 

gimter part of the length of the branchial sac (fig. 597, Ov). The 
generative products are dehisced into the atrial cavity, and pass 
thence through the pharynx and mouth to the exterior. 

For a short distance in front of the atrial }>ore the epithelium of 
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the ventral wall of the atrial cavity is thrown into a number of 
peculiar longitudinal folds which have been interpreted as kidneys. 

Development. — The eggs undergo a total segmentation. The cells 
resulting from segmentation form a blastosphere, which by invagina- 
tion is transformed into a ciliated gastrula larva (fig. 598, A, B, C), 
The mesoderm is developed from lateral folds of the entoderm, and 
at once segments into somites ; and at the same time the medullary 
canal, which communicates with the alimentai*y canal behind and 
opens freely to the exterior in fi'ont (fig. 508, JJ), is formed from 
the ectoderm. Soon after the notochord arises from the endoderm. 
The changes, which take place in the larval life, are introduced by a 
considerable elongation of the body. In the further development 
the larva is remarkable foi* a striking asymmetry (of somites, mouth, 
anterior gill-slit, anus, olfactoiy organ). The branchial apparatus, 
which is at first free, is afterwards covered by a reduplication of the 
skin (formation of the atiial or peribranchial cavity). 

The only genus of the Leptorard ii is AwpMoxvs Yarrcl {^liranahiotitonta Costa) 
including a single species distributed on the sandy coasts of the North Sea, of 
the Mediterranean, and of South America. uL. lanceolutii» Yarrel, Lancelot. 
'I’he forms described as .4. JtHchrH Cray, from the Indian Ocean, and .1. clou- 
(fattix Sundev. probably belong to the same species. 


Order 2. — Cyclostomi* (Marsipobranciit). 

Vermiforrn Fishes without pectorid or pelvic Jins ; with (^rtiluginous 
skeleton and. persistent notochord. There are six or seven pairs of 
pouch-like gills. The olfactory fossa is unpaired, and the aircvlar or 
seinicirc'ijblar smtorial month i.s untlumt jaws. 



Fig. glutinoM (I'effiie ammal). 


The Cyclostomi have a cylindrical vermiform shape (fig. 599), and 

* Joh. Miiller. “ Vergicichcndc Anat<miie der Myxinoiden.” Berlin, IS.S.'i-lo. 
Aug. Muller, “ Ueber die Entwickelung dcr Neunaugen.” Miiller'sA rchiv., 18.5(5. 
Max Schultze, “Die Exit wickclungsgeschichte von I*. Plancri.” Haarlem, 185(5. 
P. Langerhans, “ Untersuchungen iiber Petromyzon l*laneri.” Freiburg, 1873. 
W. Miiller, “Ueber das Urogenitalsystem des* Amphioxus und der Oyclosto- 
men.” Jm. natvnrhx. Zeifxrhr.. Tom. IX., 1875. 

A. Schneider, “ Bcitmge zur vcrgleichenden Anatomic und Entvdckelungs- 
geschichte dcr Wirbeltliiere.” Berlin, 1879. 

Calbcrla, “ Zur Entwickelung des Medullarrohrs und der Chorda dorsalis der 
Teleostier und der Petromyzon ten.” Mmplwl. Jahrh., Tom. III., 1877. 
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their skin is without scales. They have no paired fins but the system 
of vertical fins is developed over the whole length of the dorsal 
surface and of the tail, and is usually supported by cartilaginous 
rays. The skeleton is confined to a cartilaginous rudiment of the 
vertebral column and skull. Tiie notochord persists as the axial 
skeleton : its sheath presents traces of segmentation in the presence 
of rudimentary cartilaginous neural arches (fig. 600, 6), and in the 
caudal region (^Petromyzon) of the lower vertebral arches also. 

At the anterior end of the notochord there is a cai*tilagino- 
membranous cranial Ciipsule enclosing the brain. It has a bony basal 

region and lateral cartilaginous 
vesicles in which the auditory 
organs are enclosed (fig. 600). 
Tn place of the visceral skeleton 
there are cartilaginous pieces 
surrounding the palate and pha- 
rynx, various labial cartilages 
and a complicated frame work 
of cartilaginous i*ods, which 
form the so-called branchial 



B 

\ 
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Fio. 600. — Skull and beifiiiniiif? of the verte- 
bral column of Vetromyson mannun (after 
Job. Muller). In lonjfitudirial vortical 
section. A, Seen from above. A, noto- 
chord ; Ji, neural canal ; (\ mdimentary 
vertebral archen; V, cartilaj^iiioua i)art, 
and 7/, membranona part of the cranial 
roof; i?, bjiMe of Hkiill; F, nuditory cap- 
Bulc; Gf uoHal capHulc; iiaHO-palatiuo 
duct; OV, blind end of G ' ; //, procoHs of 
the bony palate ; J, poHtcrior plate cover- 
ing the month ; Jl, anterior plate coveriujf 
the mouth ; L, labial rinf^ ; M, Htyliform 
appendai^rc of 7. 


basket round the branchial sacs, 
and are in part attached to the 
vertebral column. 

The Cydostoim possess a brain 
of the piscine type with three 
principal sense nerves and a 
reduced number of spinal-like 
nerves. Two eyes are always 
pi*esent, but they may be hidden 
under the skin oi* even covered 


by muscles {Myxine, larva of /*etromyzo7t). The olfactory organ 
is an unpaireil sac o|)ening in the median line between the eyes. In 
the Myxiiioids the olfactory capsule has in addition a posterior 
opening which piei’ces the palate and can bo closed by a valvular 
appiratus. This communication iKitwcen the nasal and pharyngeal 
cavities selves for the iritniduction of water into the branchial sat^ ; 
for the mouth when pei'forming its function as a suctoiial organ is 
closed so far as the passage of watei* is concerned. The auditory 
organ is reduced to a simple membranous labyrinth which consists 
of the ve.stibulum and one or two semicircular canals. 


Alimentary canal. — ^The mouth, which is surrounded by fleshy 
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lips and often by lilameiitous processes, is circular in shape, though 
the lips can be applied together so as to form a uiedian longitudinal 
slit. It leads into a funnel-shaped buccal cavity, which is without 
jaws and is armed on the soft palate as well as on the floor with 
horny teeth (fig. 601). At the bottom of the funnel is the tongue, 
which, moving up and down like a piston, enables the animal to attach 
itself by its mouth as by a sucker. The plianmx, which follows 
the mouth, communicates with the branchial sacs either directly oi- by 
a special passage (Fetrom^zon), The intestinal canal passes straight 
to the 1 ‘ectum and is divided into stomach and intestine by a narrow 
region, the walls of which projec^t so as to form a sort of valve. The 
liver is always well developed, but there is 
no swimming bladder. 

The gills (tig. 592) lie at the sides of the 
cesopliagus in six or seven pairs of branchial 
sacs. These open on either side by external 
branchial passages into the same number of 
separate respiratory apei-tures. In Myxine 
on the other hand there is on ejich sid(‘, almost 
on the ventral surhice, only one opening, into 
which all the external branchial passages of 
the same side open. 

On the other side the ^acs communicate 
with the o*s()])hagus, but, except in Awmo- 
ccetes, never directly by simple openings but 
by internal branchial passages or, as in 
Petromyzony by a common pjissjige lying 
beneath the fcsophagus into which j^assage 
all the othei* brjinchLal open. The 

watei* flows in from the c^xterior through the external branchial 
openings or in Myxine through the nasal passage, and is drh en by 
the contraction of the constrictor muscles of the branchial sjics eitlua* 
out by the sjune way {Petromyzou), or into the cesophagus, and from 
this to the (exterior through a spechil unpaired canal on the left si<le. 

The heart lies benijath and behind the branchial skeleton. Some 
of the vascular trunks pulstite, e.y., the portal vein in Myxine., The 
aortic bulb has no muscular layer, and coiihiins, as in the Teleosteans, 
only two valves. 

The urinary and genital organs are of simple structure. In 
Myxine. the kidneys retain the primitive segmental arrangement, 
there being a ui-inaiy tubule and Mal])ighian body in eveiy seg- 



Fuj. Head (jf Vrtromyzou 
iHurintu, seen from below 
Sliowiiip the lioniy teeth 
of the buecal cavity (ufter 
Heekol iiTid Koor). 
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ment. In Myxine the urinary ducts open with the genital pore, in 
Petramyzon into the intestine. In front of the kidneys, in the region 
of the heart, there is another part of the kidney which in the adult 
animal is no longer functional. This is the head-kidney or prone- 
phros (Nebenniere of Joh. Miiller). It consists of a number of 
glandular ducts, which begin with funnel-shaped openings into the 
body cavity (pericardial ctivity), and in the young animal open into 
the urinary duct. 

The genital glands are unpaired in both sexes. In Myxine they 
lie on the right side ; in Petromyzon in the middle line. They never 
possess ducts, but the eggs and spermatozoa are at the breeding time 
dehisced into the body cavity, whence they pass out through a pair 
of genital pores placed behind the anus. 

The Petromyzontidm undergo a kind of metamorphosis, which was 




Pra. fi()2.— tf, PHrom^zon Jlumifilis (after He{‘kel iirid Kiicr). h, stitpea in the trans- 
fonuaiion of Aumoc«tc9 hranchUtliH into Pftnnnifzon Planrrl (after v. Sudjold). ft, Head 
of an eyelfMs larva seen fmra the sidt; ; r, the same soon from underneath ; rf, later 
stage with small eyes, soon fi'ora the side. 

discovered two hundred ycai*s ago by Baldiier, a fishennan of Stras- 
burg, but has only recently been rediscovei'ed by Aug. Miiller. The 
young Lirvje (lig. (i()2, />, c, d) are blind and without teeth. They 
possess a snuill mouth, surrounded by a horseshoe-shaped upper lip, 
and were for a long time placed in a special genus — Amnwccetes, 

The Cyclostomes live paitly in the sea; they ascend rivers at 
s})a>vning time, sometimes airried by the Salmon and Shad (^Alansa 
rvlgaris)^ find de))osit tlieir eggs in holes in the river-bed. Others 
are i*iver-tish. They attach themselves to stones and to defid and 
living fish, which latter they may in this way kill. They filso eat 
worms find small aiiuatic animals. The genus Myxine is exclusively 
pfjrasitic on other fish find even makes its way into their body cavity, 
thus aftbrding an example of an endoparasitic Vertebrfite. 


Fam. MyzinoidflB (Hags). Head obliquely truncated ; suctorial mouth without 


8ELACHI1. 


157 


lips, and surrounded by labial processes ; eyes hidden beneath the skin. There 
IS an opening from the nasal cavity into the mouth through the i>08terior part 
of the palate. The branchial pouches open to the exterior either by a common 
ventral aperture on each siihi GantrohramhuH) or by seven apertures 

on each side or asymmetrically by six apertui-es on one side and seven on the other 
Marine. (fig. 599). Bdellontmua heptatrema 

Joh. Miill., found at the Cape. 

Fani. PetromyzontidflB. Lampreys — Nine-eyes. With seven external gill 
slits on each side of the neck, and a connuon internal branchial passage 
which opens anteriorly into the pharynx. The nasal cavity ends blindly. 
The round mouth, without labial processes, with fleshy lips, which can be. 
approached so Jis to leave a slit-like opening. Petromyzon 'marinm Jj. 
Lamprey, two feet in length, ascends rivers with the Shad, in tin* spring, 
to spawn. P. ftuvMtllu L., lliver Nine-eye (fig. P. Planeril^Mx, 

small river Nine-eye, with AnunocfHrs branc/iialh as iarva. Ii attains a 
length of 6 to (i inches. 



Order .‘3.— Sklachii’^' ((JiioNDROPTERY(iii). 

Vartilagmom Fishes with large imtoral and pelvic Jim, with 
transverse vevUrally-pl-aoed mouth, usually with Jive (^rarely six or 
seven) pairs of branchial, pouches and branchial slits. Tlmy have a 
muscula/r comfs arteriosus which contains several rows of valves. The 
intestine has a spiral valve. 

The Sehiidiians ditfer strikingly in their outward appearance from 
all other toshes (tig. 603), and present esen among themselves greiit 
variations. The foi-m and position of the mouth, which is a broad 
transverse slit placed on the undei* surhice of tlie snout, is an impor- 
tant distinguishing character. The skin usually contains a number 
of bony granules (os.sified dermal {wipillse, idacokl scales), and obtains 

* Compare Job. Miiller and J. Henle, •* Syslrmatisehe lleschreibung der 
riagiostomcii,” mil <J0 Ntcindruoklafelii. Herlin. 1S4!. 

Fr. Leydig, “ iJfitriige ziir iiiikroskopischen Analoinie und Entwickelungs- 
geschichte der lloclien urnl llaie.” Leipzig. 1H52. 

C. Gegcnbaiir, - IJntcrsuclinngeri zur verglcichcndcn Anatomic der Wirliel- 
thiere.” L(‘ipzig. 1IS72. 

F. M. Balfour, “ A monograph on the development of Flasmobraiich Fislies.*' 
London, 1S78. 

C. Hasse. Das natUrliche System der Elasmobranchier.” Jena, 1879. 
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thereby a rough shagreen-like surface. Sometimes, especially on 
the tail {RaUdce), there are larger bony plates, arranged in rows and 
provided with pointed spinous processes, which serve for protection 
{whthyodorylites). All the Selachians have lai-ge pectoral and 
pelvic fins. The former are attached by a cartilaginous shoulder- 
girdle to the posterior part of the skull, or to the anterior region of 
the vertebral column \ they are either sharply marked off and have 
an almost vertical position on the anterior pirt of the body (CVmmwm 
and Sqvnlidop^, or they have the f5rm of very large, horizontally- 
placed lateral expansions of the body (Rays), In the latter case 
they reach by means of the so-called cranial fin cartilages to the 
anterior end of the snout, and lean by posterior suspensors on the pelvic 
framework of the ventral fins ; the latter are always pltured near the 
anus, and in the male bear peculiar grooved cartilaginous appendages, 
which are the accessoi^y copulatory organs (claspers). The unpaired 
fins also may be well developed, and, as their number and position 
vaiies in the different forms, they may be of systematic importance. 
A sharp bony spine is sonietinies present in front of the dorsal fins, 
or completely isolated on tlie doi'sjil surface of the tail [Trygon), and 
this as well as the spinous and hooked processes of the dermal 
bony plates serve as a weapon of defence. The caudal fin is always 
markedly heterocercal externally. 

The skull is an undivided, cartilaginous capsule, the base of which 
sometimes is ai’ticulated to the vertebral column [Chirimra and 
Raiidai), while sometimes it is excavated like the body of a vertebra 
(fig. 571). On the facial region the cartilaginous mandibular arch 
persists, and is attached to the auditory legion of its skull by the 
hyoTmindihtdmr. The })alato<juadrate bar is moveubly connected to 
the cranial capsule (except in Chinuvra), The palatoquadrate find 
the lower jaw are always cartihiginous, and as n rule are abundantly 
furnished with teeth. The vei*tebi*al colunjn with its remains of 
the notochord is also principally cai tilaginous, but separate biconcave 
vertebi'ffi ai*e developed, the foim of which offei*s numeious vaiiations. 

In all cases there aie doi’sal and ventral ai*ches, \^'hicli sometimes 
I’emain separate and sometimes fuse with the vertebml bodies. Ribs 
only appefir as cai tilaginous rudiments. 

In the structure of the gills (fig. 593), the Selachians difier essenti- 
ally .fixim the Tcdcosteans in possessing five branchial pouches on 
either side ; the branchial lamcllse are attached in their whole length 
to the partition walls, which ai*e supported by the lateral cai tilagi- 
nous rays of the branchial arches. The branchial pouches are placed 
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relatively far back, and each of them has a separate external opening. 
These openings are in the Sq'imUdUfi on the sides, in the Raiidoi on 
the ventral surface of the body. In the ChinKBridm the branchial 
pouches open on either side into a common gill-slit, over which a 
cutaneous fold, arising from the suspensorium of the jaw and 
serving as a branchial operculum, is spread. 

The dentition presents many variations. Sometimes {Ileimnchua, 
Acvmthiaa) the whole of the buccal cavity as far as the entrance to 
the (esophagus is covered with small teeth of the mucous membrane 
{placoid scales *) ; sometimes there are larger teeth, which also 
always belong to the mucous membrane, and are arranged in rows 
on the rounded edge of the jaw in such a manner that the younger 
posterior rows of t«^(itli have their points turned inwards, while the 
teeth of the anterior rows, which are older and moi*e or less worn, 
have their points turned upwards and outwards. 

In the Sqtmlidesy dagger-shaped or saw-shaped seirated teeth pre- 
ponderate, while conical or flat pavement-like molar teeth are 
characteristic of the greatei* number of Raiides. 

Spiracles are frequently present on the upper surface of the head 
behind the eyes ; they «are used for the expulsion of the water from 
the pharyngeal cavity. The digestive canal is dilated to a spacious 
stomach, but is I’elatively short ; the small intestine is furnished with 
a spiiully coiled fold of the mucous membrane — the so-called spiral 
valve — which considembly increases the extent of the absorbing 
surface. A swimming bladder is always absent, though the rudiment 
of it is often discernible. 

The heart * has a muscular conus arteriosus ; it contains two to 
five rows of valves, and represents a pirt of the ventricle which has 
become independent. 

In the structure of the brain and of the sense organs, the 
Selachians h(dd the highest place amongst the fishes (fig. 688). The 
hemispheres are of relatively (X)nsidei*able size, pi*esent longitudinal 
and transverse impressions, and ti*a(;es of convolutions on their 
surface. The cerebellum, also, may be so well developed that the 
fourth ventricle is almost entirely covered by it. The two optic 
nerves always form a chiasma and some of tlieii* fibres cross. The 
eyes in the Squalides are not only protected by free lids, but often 
also by a moveable nictitating membrane. 

* O. Ilcrtwig, natunrisK. Zritxehr. Tom. VJII., 1S7-1. 

* G. Gegenbaur, “Zur vcrgleicliendoii Anatomie dcs ilcrzens.” Jrn. natur- 
wisjt. ZciUchr. Tom. 11. 
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The nrinaiy organs of the PlcLgiostonii are paired kidneys, which 
sometimes retain the ciliated funnels f^TiephrosimriMa). 

The sexes can be easily distinguished by the form of the pelvic 
fins. A true copulation always takes place. The female genital 
organs consist of a large, single or double ovary and paired glandular 
oviducts, which are separate from the ovaries and begin with a 
common funnel-shaped ostium, and in their further course each of 
them possesses a uterus-like dilatation. The two oviducts open by 
a common aperture (in the ChimceridcB only by sepamte orifices) into 
the cloaca. The ova have a large amount of food-yolk, and are 
enclosed by a mass of albumen, and sometimes by a thin membranous 
folded chorion, sometimes by a tough, pai*chment-like, flat shell, 



Fio. 004. — Embryo of MutitelH* connectod with the ntoruR 
by the umbilicttl placenta (7J//) (after Job. Muller). 


which is prolonged 
into four horns, 
or into twisted 
strings, which 
serve to attach it 
to marine plants. 
In the latter case 
the eggs are laid 
(the tine Hays 
and Dogfish) ; in 
the former (elec- 
tric Rays and 
vivipai’ous Squa- 
lid&H), on the other 
hand, they develop 
in the uterus. 


In this case the eggs are closely applied to the walls of the uterus 
during the development, the folds of the chorion interkK*king with 
the ridges of the uterine walls. Thus the addition of nutriment 
is rendered possible. Sometimes the connection between the mother 
and the embryo is more intimate, and is eftl^ited by means of a true 
umbilical placenta, which was known to Aristotle in Mmtelm Imvis 
(fig. 604). As Job. Muller* has shown, the long-stalked yolk-sac 
of the embryos of Mmtelis Iwvis and species of Carcharias develops a 
great number of villi, which are covered by the delicate egg mem- 
brane, and like the cotyledons of Ruminants fit into corresponding 
depressions in the uterine mucous membrane. In other respects. 


• Compare tlob. Muller, “ Ueber den glattcn Hai des Aristoteles.’* Ahhandl. 
der Berliner Ahid., 1840. 



SELACHIl. 


161 


t 

also, the embryos of the Plagiostomes exhibit notable peculiarities, 
especially in the possession of external branchial filaments (fig. 606), 
which are lost long befoi*e birth. 

Almost all the Plagiostomes are marine ; only a few of them are 
found in the larger rivers of America and India. They are all 
carnivorous, and feed ou large fishes, or crustticea and mollusca. Some 
few (Tor2)e<lo) possess an electric organ. 

With the exception of PleurcLcanilnts, remains of spines and teeth 
only are preserved in the Palajozoic formations. From the secondaiy 
period onwards the remains are more complete and numerous. 

Sub oi'der 1. Holocephali. 

Selachiarut with nvaydlo-palatine apparatus Jirmhj fused to the skull, 
•with single extertial (fill slit (ui eadh side and small opercular 
membrane. 

The thick stni^ely fo^ed head is provided with Lii'ge eyes which 



Fig. W>6. — Embiyo of Aeanfhm* with cxteinal Hpiriicl© ; Jf, mouth ; Nb^ stalk of 

yolk-Mac. 

are without lids. The mouth is small and lies on the under surfsiee 
of the snout. The maxillo palatine (p;ila.to-quadiute) bar is firmly 
fused with the skull, wliile the lower jaw articulates with a styliform 
profiess of the skull (hyomandibular). The mandible has but few 
teeth (four above, two below). The naked skin is traversed by the 
large jiassages of the later-al sense organs. There ai’e no spiracles. 
The vertebral bodies are rephiccd by thin calcareous annular incrusta- 
tions in the sheath of the notochoi*d. The\’ lay eggs with horny 
shells. 

Film. ChimaBridae (Sca-cuts). Chimtera monKtro.in I., (fi^. Northern 

Seas and Mediterrajiean ; (^illorhipwImH anfarctirnH La *., Cape arnl Pacifit*.. 

Sub-order 2. Flagiostomi. 

Selachians with vnde transverse mouth, which is •jdaced far hack, 
separate vertebral bodies, and a more or less reduced notochord. There 
are five (excepitionally six or seven) external gill slits on each side. 

The nasal apertures are placed on the under surface of the snout, 

VOL. II. 11 
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a little in front of the transversely arched mouth. The skin is 
rarely naked ; it is usmilly shagreen-like in consequence of the 
osseous bodies which are embedded in it, or it may also be covered 
with osseous plates and scutes. The palato-quadrate bar is moveable 
and is separate from the caitilaginous cranial capsule. 

Tribe 1. Squalides (Sharks). Spindle-shaped Plagiostomes, with 
lateral gill slits ; eyelids with free edges ; incomplete shoulder girdle, 
without cranial fin cartilages. 

The body is spindle-shaped, can-ies the pectoml fins more or less 
vertically, and ends with a powerful tail, which is bent dorsalwards 
at the end. There are, however, forms which, with i*egard to their 
body shape, are allied to the Rays, an<l constitute forms of transition 
to the latter gi’oup, c.^., the genus Sqimtina. The teeth are usually 
pointed and dagger-sliaped, and placed in numerous rows. The 



Fig. (K)0. — Chimtei'a monrirota (rogne Hniroal). 


families are distinguished j)nncij)ally by the number and position of 
the fins, by the presence or absence of spiracles and of a nictitating 
membrane, and also by the form and structure of the teeth. 

Fum. ScyllidflB (Dog-fislics). ScyUhim caniwla L., the coasts of Europe. 

Fani. GestraciontidaB. Ccatrachm PhtlipjH Blainv. 

Fain. LamnidsB (Voi'boa.i;les). JMmna ylmwu, Miill., bcrilc ; 8t‘lachc inairimu 
(^uiin., reach(*s a length of thirty-two feet. 

Fatn. CarcliariidsB. Carrluiriax ylmmat Rond, the Blue Shark, with 
umbilical placenta. C, lamia. Risso. These two last are found in the Mediter- 
ranean and the Ocean. Zyfjfnui malhmx Uisso, the Hammer-headed shark. 

Fam. Galeidae ('J'opcs). 6V/ Rond., European seas ; Muxtelux ralyarh 
and lipviit Rond., witli und)ilical placenta, both are found in the Mediterranean. 

Fam. NotidanidsB. Not'idanux {Jleranrhax) Gm. and X, 

chuti) Gm., Meditermiiean and Ocean. 

Fam. SpinaoidsB (Spiny Dog-fishes). Acanthiax mtlgaris Risso (fig. (i03), 
found from the northern seas to the South Sea. 

Fam. SquatmidflB (Angel- or Monk-fishes). Squat irn tuhiar '^x Risso (^Squahix 
squatiua h.) European seas. 
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Tribe 2. Bpiyides (Skates and Rays). Plagiostomes, with flat 
bodies ; with five gill slits opening on the ventral surface internal to 
the pectoral fins; with complete pectoral girdle and cranial fin 
cartilages, without anal fins. 

In consequence of the size and horizontal expxnsion of the thoi’acic 
fins the flat body presents the form of a large disc, prolonged behind 
into the long thin tail, which is frequently armed with spines, rarely 
with one or two seiTated stings. The mandibles are short and stout, 
and are furnished with teeth which may be either small and conical, 
and aiTanged near one another in rows, or broad and plate-like. 
The Rays live foi* the most part at the bottom of the sea, and feed 
principally on C^i-iistjiceans and Molluscs. The Toii)edos have an 
electrical apparatus between the fin Ciirtilages and the branchial 
pouches. By means of this organ (fig. 590) they can stun even 
larger fishes. Many Rays reacdi the considerable size of ten to 
twelve feet. 

Fam. Squatinorajides. Prisfut anth/uormn Lath. Sawfish. Ofcaii and 
MediteiTaiioan ; Ithimthatvs grnnnlatns (Juv. 

Fam. Torpedidae. Electric Rays. Torpvdo marmorata llisso, M(Mlitcnancan 
and Ocean : Narchie hraxilirn^h v. Ott. 

Faui. BajidflB. Skates and Rays. Ji4tja clavata L , : J(. mh alrtHg ]j. 

Fam. Trygonidae. Sting Rays. Trggon ijanfvrmca L. {^Paatinaca marina 
Bell), .\flantic Ocean. 

Fam. MyliobatidsB. Eagle Rays or Sea Devils. Mgliobatm affailla L., 
Mediterranean. 


Order 4. — Ganoidei.''' 

Cartilaginous and bony Fishes, tvith enanMed scales, or vnth osseous 
dermal plates and f ulcra, with muscular conus arteriosus containing 
rows of valves; with comb-shaped gills ami spiral valve in th* 
intestine. 

In former peiiods of the world’s history this order was richly and 
variously represented (Sauroulw, Lejyidoidoi, Pycnodtnita), wliile at 
the present day it contains only a few forms [Lepidosteuyt, Polypterm, 
Calamoichthys, Amia, Acipenser, Scagyhirh yuchv^, Hptatalaria). It is 
difficult to establish the limit towards the Teieosteans, since there is 


• Joh. Miiller, ‘•Ueber den Bau uiul die Gron/i'ii der Ganoiden. ' Ahhantll. 
dvr Bvrliner Ahid., 1S46. 

.1. Hyrtl, ••Ueber den Zusammenhang der Gesclileehts-nnd Harnwerkzougc 
bei den Ganoiden. DniVnchr. tier k. A had. der Wmat nsvh.^ Tom, VIII., Wien, 
1854. 

LUtken, •* Ueber die Begrenzung und Eintheilung der Ganoiden.” Ueber- 
setzt von Willemoe.s-Suhm. Palax)nlographiea, IS72. 



164 


PISCES. 


no single differential character common to all the Ganoids (even the 
spiral valve of the intestine is rudimentary in Ainia and Lepuloateibs). 

The scales from which the name of the order is derived are for 
the most part of a rhomboidal form, and are always covered with a 
smooth layer of enamel. They are connect<ed together by articular 
processes, and encircle the body in obliquely directed rings (fig. 607). 

As regards the structure of the skeleton, the Ganoids are partly 
cartilaginous and partly bony fishes. Both among the fossil Ganoids 
and those living at the present time (Sturgeon) there are forms 
which, by the persistence of the notochoid and the formation of bony 
arches, are allied to the Chitiiteridw, The cartilaginous cmnial 
capsule is always covered with external membrane bones, and the 
mandibular suspensorium, the jaws, the branchial arches, and the 
operculum possess a })ony consistency. In the so-called bony 
Ganoids, the primordial cranium is moi*e or less completely replaced 
by a bony skull, and the vertebral column gradually becomes bony, 
inasmuch as the vertebrai Jicquire, through vaiious intermediate steps. 



Fig. 01)7. Polypfrniif hivlnr. 


the biconcave form of the TeleosteJin vertebrae, and in Lepidosteus 
reach a phase of development in which, by the presence of an 
anterior articulating head, they resemble the opisthocudous vertebra? 
of Am])hibia,. Bony ribs, also, are fairly frequently present. 

The caudal fin is usually heter(K;er«il, and the end of tlie vertebral 
column is sometimes continued into its superior lobe; there are, 
howevei*, forms which are transitional in this respect, and lead to 
the homocercal {diph t/cercal) form. The spine-like splints known as 
fulcruj which are arranged in a single or double row on the upper 
edge and the lir-st ray of the fins, particularly the caudal fin, are 
])eculiar to Ganoids. (‘^ Every fish with fulcra on the anterior edge 
of one or moi-e fins is a Ganoid.” — Job. Miiller.) 

Anatomically the Ganoids present many points of resemblance to 
the Sehichians. The anterior region of the ventricle is separated off 
as a rhvtlimiailly contractile aymis arteriosus^ and contains several 
longitudinal rows of valves, which extend as far as the anterior limit 
of the muscular investment, and prevent the blood flowing back fi-om 
the artery into the conus during the diastole. The comb-shaped 
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gills, on the other hand, lie, as in the Teleosteans, freely in a 
branchial cavity beneath a bmnchial operculum, to which a large 
gill containing venous blood is often attached. This respiratory 
accessory gill (opercular gill) is wanting in Amva and Spatidaria, 
and must be distinguished from the pseudobmnch of the spiracle, 
which may be present together with it. 

All the Ganoids possess a swimming bladder with a dv/ctm pfumir 
rmiticus and two peritoneal canals {altdoyniwil pores)^ which open at 
the sides of the anus (as in Chinuera and Playhatomi). The optic 
nerves do not simply cross over one another, but form a cliiasma 
with pai*tial exchange of the fibres. The generative organs pi*esent 
many notewoHhy peeuliaritias. There are two ovaries and the ripe 
eggs escape into the abdominal cavity. Thence they piss into an 
oviduct [Mullerian duct] which begins with a funnel-shaped opening 
into the body cfivity and opens behind into the urinary duct or into 
the corresponding cornu of the urinary bladder {SpaiuLarm, Lepi. 



Fig. 608 . — Acipenter rufheauH (aftor Heckol and Kuer). 

dostem), or unites with the oviduct of the oj)posite side and opens 
behind the anus by a single genital pore into which the shori urethra 
also opens. (Hyrtl.) In the two first cases a urogenital canal leads 
from the bladder to a urogenital pore plnceil behind tlio anus. In the 
male it is remarkalde that the same abdominal funnels [Mulleiian 
ducts] also function as seminal ducts. [It has been shown by Balfour 
and Parker (Structure and Development of Lepidosteus, Pliil. Trans., 
1882), that in Lepidosteus at any Kite the testis is connected with 
the Wolffian body by a testicuLir network.] 

Tribe 1. Ghondrostei. Cairilaginous Ganoids with pei*sistent 
notochord. Branchiostegfil rays scanty oi‘ absent. Caudal fin 
heteroccrcal, with fulcm. Cranium cjirtilaginous, covered by dermal 
bones. The teeth are small or altogether absent. The skin is 
naked or has osseous plates instead of swiles. 

Fam. Acipenseridae (Sturgeons). AHpenser stnrh L.. Sturg(.*on; A.ruth’uvs 
L., Sterlet (fig. <108) ; A. Iniso L. (Hausen), Sfophi rJnjnehvit cataphractvs 
(lUiy, Mississi})!)!. 
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Fam. SpatularidsB (Loffelstore). Spatvlaria [Poly folium Lac.^ Missis- 
sippi ; gladim Martens, Yaiitsckiang. 

Tribe 2. Grossopterygii. Gknoids with two broad jugular plates 
instead of the branchiostegal rays, and usually with a pointed 
(diphycercal) caudal fin. The shafts of the pectoral as well as of the 
pelvic fins, which are placed far back, are invested with scales, which 
also cx>ver the rays. The scales are sometimes thin and cycloid, 
sometimes strong and rhomboid. The Ci*os8opterygii lead to the 
Dvprmi and Aw^hiJna. 

Fam. PolypteridsB. With rhom))oifl scales, and dorsal fius divided up into 
a number of small fins. Polyptei'^ix hickir Gooffr. (fif?. tiu?), with from eight 
to sixteen smalt fins, rivers of Tropical Africa ; Calamoichthy^ caJahariem 
Smith, Old Calabai’. 

Tribe 3. Euganoides (Bony Ganoids). Ganoids with rhomboidal 
scales, and usually with fulcra on the anterior bolder of the fins. 
They have numerous branchiostegal luys. The pelvic fins are placed 
between the pectoral and anal fins. 

Fam. Lepidoiteide (Gar-Pikes, Bony Pikes). Form of body elongated, 
pike-like. The dorsal fins arc placed far back ; the caudal tin hcterocercal 
and sharply cut off. Fresh waters of Cuba, Central and North America. 
Le2rifi.ogtcu)( platystmius Baf. ; L. ostteus L. ; L, spatula Lac. 

Tribe 4. Amiades. Bony Gkmoids, with large round enamelled 
scales, bony branchiostegal rays, and heterocei'cal caudal fin. There 
are no fulcni. 

Fam. Amiadee. Amia calra Bonap., rivere of Carolina ; most nearly 
allied to the bony fishes (^t'lupHfln: and Sahuowida-'). 

Order 5. -Teleostei (Bony FrsiiEs). 

Fishes with bony skeleton, with free gills (imially four on each side) 
and an exterrutl branch ial opercidum^ There is a bulhus arteriosus 
with two valves at its base. The optic nerves do not form a chiasma. 

The Teleosteans comprise by far the greatest numl>er of all fishes, 
and are distinguished from the cartilaginous fishes and Ganoids by a 
number of anatomical clnirax^tei’s. They possess a simple bulbus 
arteriosus with only two valves, which are placed opposite to etich 
other at the origin of the bulbus. The bulbus arteriosus is not a 
separate part of the heart with independent pulsation, but the 
thickened commencement of the cardiac aorta. Spiracles and a 
spiral valve of the intestine are never found. The optic nerves 
simply cross one another, or the fibi’es of the one pass between the 
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fibres of the other without forming a chiasma. The gills ai*e usually 
oomb-shaped, and, as in the Ganoids, lie freely in a branchial cavity 
under a branchial operculum, to which is added a a branchiostegal 
membrane, supported by bmnchiostegal rays. The skeleton is char- 
acterised by the well separated, usually bony vei’tebra), and by the 
l)ony skull, beneath which remains of the primitive cai’tilaginoiis 
cranium often persist. The skin is only rarely naked or appamitly 
without scales. In such cases the scales are very small and do not 
project from the sui*face ; more fmpiently bony plates and scutes 
are present in it, especially behind the head. As a rule the skin is 
covered by cycloid oi* ctenoid scales which overlap one another. 

The urinary and genital oi‘gans open 
behind the aims eitliei* separately or by a 
common aperture on a urogenital papilla. 

[The kidney is dilated in front to form 
a head-kidney, which, however, is in the 
adult, sometimes if not always, largely 
composed of a tissue resembling lymphatic 
tissue (Balfour). The genenitive ducts are 
continuous with the investments of the 
generative glands in both sexes, and in the 
male thei*e is no connection l)etween the 
testis and the kidney.] 

Only a few Teleosteans are viviparous ; 
they almost all lay small eggs in enormous 
numbers in protected pLices. 

Sub-order 1. Lophobranchii. Teleo- 
steans with armoured skin, elongated 
tubular snout which is without teeth. 

The gills are in the form of tufts and 
the gill slits are very narrow. 

Fam. PegasideB. 'Fhe Ijody is flattened : pc<;toml fliis lar^^e, spicwl out like 
wings; })el vie tins small, retitum toImus Indies. 

Fam. Syngpiathidee. 'J'hc bo<ly is cyliudricnl or laterally com})ress(Hl. The 
gill openings narrow, and jiectoi-al tins small ; males with brootl -pouches 
(fig. 6010- Suminutlinx arux T^., l*ipe-fish ; lliffjtommimx aiitiquoruiii Leach., 
Sea-horse, Metlitej ninean . 

Sub-order 2. Flectognathi. Globular or laterally compressed 
Teleosteans, with immovably fused maxilla and prsemaxilla, and 
narrow mouth, llie dermal armour is strong and often bears spines. 
There are usually no pelvic tins. The gills are comb-shaped. 



Fig. (K)0. — Male of IlipjiorainjmH 
with the brood-pouclj (Hrf). 
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Tribe 1. Solerodermi. Jaws with separated teeth. 

Fam. OstraoionidaB (Irunk-fishes). Body coffer-likc*, triangular or quad- 
rangular, often i^roloiiged into horn-likc processes ; with fiim dermal armour 
consisting of polyhedral bony plates, on which only the fins and tail are 
movable. OHracwn tritptvter L. (fig. 610), West Indies ; 0. qtimlricornis L,, 
West Africa. 

Fam. Balistidse (PMle-fishes). The body is laterally compressed, and the skin 
is covered with rough granules, or with hard rhomboid scales, and is often 
beautifully coloured. Bal'ntiea mandatm L., Atlantic and Indian Oceans. 

Tribe 2. Gymnodontes. The jaw« modified into a beak, with 
cutting undivided oi* double dental plate. Doi*sal spines absent. 

Fam. MolidSB. OHliagorhcvif mola Bl. Suiifish. 

Fam. TetrodontidsB [ Cxlobefishes, Sea- Hedgehogs.] Biwhm lnj«tr\.r L., 
Atlantic and Indian Oceans ; Tetrodou mtavums Othr., St. Helena. 

Sub-order ti. Physostomi. With soft fins (mahu'opterygians), with 



Fig. 610. —Ontracion Inquetrr (regne animnO. 


comb-shaped , gills and sepamted jaw bones. Pelvic fins abdominal 
or absent. Swimming bladder always with a ductus pneumaticus. 

Fam. MuraBnidsB (Eels). Mnrrma ItHena li. : sKuijuilUi aiujuilla L. (rw^ 
gariii)^ Kuro|ie. At the breeding setison in autumn they migrate from the 
rivers into the sea, and there first attain sexual maturity. I'hc reproductive 
processes art^ not perfectly known, thougli male and female have been dis- 
tinguished from one another, and the j)resenee of both kinds of sexual organs 
has been shown. In the spring the young eels migrate from the sea into the 
rivers. Voruiw vulgarh Cuv.. eoJists of Knroi)e. 

Fam. Gynmotidee. L. (Electric cel). Lives in the swamps 

and rivers of South America, attains a length of six feet, and can, by means of 
its electric discharge, knock down even large animals. horses. Celebrated 
by the experiments of A. v. Humboldt. 

Fam. ClupeidBB (Herrings). With tolerably comiiressed IxKly, which with 
the exception of the head is covered by large, thin, easily -detached scales. 
Clvpea hareiujm T-., the Herring of the northern seas. It appears every year 
at certain times, in enormous shoals, on the Scottish and Norwegian coasts. 
The principal takes occur in September and October. 0. (Jiarviufida') ntpraftm 
L., the Sprat, North Sea ami Baltic ; Engraidu encrajtir/toi us Bond., Anchovy ; 
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Alavm mlgarU Cuv., Val., the Shaii ; migrates in May at the 8i)awning season 
from the sea into the rivers, f.r/., u]) the Ehine to Basel, and in the ^Tain to 
Wilrzburg. Attains a length of three feet. A, jiilchardvit Blocdi. Sardine, 
Mediterranean. 

Fam. Esocides (Pikes). The head is broad and dei)re8sed ; the dorsal fins are 
placed far back. J*scudobranch glandular, hidden. Voraeifms carnivorous 
fish, with wide throat and iKiwcrful dental armature. lucius J.*., Pike ; 

Umbra Kramer i .loh. Mull. 

Fam. SalmonidaD. With adipose fin, simple swimming bladder, nnd 
numerous pyloric appendages. The ovaries art* sacs fi*om which the eggs fall 
into the abdominal cavity. At spawning 
time, which is usually iji the winter months, 
the two sexes often exhibit striking dif- 
ferences. They are large pi*edatory fishes, 
and belong principally to the rivers, moun- 
tain streams, nnd lakes of the northern 
regions. They like clear cold w^aters with 
stony bottom ; but they have, also, repre- 
sentatives in the sea, which ascend the rivers 
and their tributaries to sjjawii. Coregorntx 
Wartmunni Bloch. Blaufelchen ; in the 
Alpine lakes. Thymallm vulgarh Nilss. 
ivexilUfer\ Grayling : J^almo snlrrlhtvx L., 
baibling ; X hvaho L., Huchen, in the region 
of the Danube, a lai’ge predatory fish. X. Salmon ; X. lacUHtnH L. 

(Secfovelle, Scdiw^chforclle), in the lakes of the Alps of (-eiitral Europe. 
X. trutta 1j., Sjilmon or Sea trout ; K far to Ti., 'i’rout. 

Fam. Cyprinidas (Carps). Fresh-water fish, with narrow mouth, often 
provided with barbules. The jaw^s aie weak and w'ithout teeth, hut the lower 
pharyngeal bones are abundantly furnished with ti-cth (fig. (ill). 
varpw L.j the Carp ; Caraaxiict rtdgariK Nilss., Crneiaii and I’russiaii tJar})S 
(Karausehe); Ttnnt Cuv., Tench ; Jiarhvtt for inti lit< the Barbel ; 



Kio. bower pluiryngeal bones 

with tlic tooth of a carp (after 
ITeckol and Kucr). 



Fig. (S\‘l.—Khudem amarini. Female U»ftor v. Bie)jol(l). 


(robio Jfttriftfi/ix Flora., the Gudgeon; Ithot/rttx amarua Blocdi. (Bitterling). 
The female has an ovipositor with which she <lcpi»sits tlie ova in the gills of the 
fresh-water mussel (fig. (112;. Alhnrttnst hwidttx fleck. Kn(‘r, the Bleak ; 
Lrurixetix rntUua J.., the Roach ; A. cephalvtt J^., the Chub : ChondroKtoma 
nasHS L., (Niisling) ; Arhraniitt bramu P'lern., Jin am ; l^hoxinva Iferix '[j. A\r.^ 
Minnow. 

Fam. Acanthopsidee. 'I’lie swimming bladder is contained in a bony capsule. 
Cohith fottsiliit L. : (\ hurhatula L., Loach; (\ tnnia L., Spined Loach or 
Groundling. 
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Fanu CyprixLodontidflB (Toothed Car|)H). Viviparous. Oyprinodon {Lelnai 
Cuv.) vaUMritanwi Cuv., South Kui' 0 ]»e ; Andhlept^ tetrojihthalmns Bl., Guiana. 

Fain. SiluridsB. Fresh-water fish, usually with broad depressed head, strong 
dental armature, and skin naked or covered with an armour of bony plates. 
Silurus glamft Ji. (Weis, Waller). The largest river fish of Euroj)e. Hypostmvm 
Lac. (Paiizei’wels) : Malajiterurvs decMmi* L. (Zitterwells), Nile. 



Pici. 613 . — Kroeoetim ItomlcUtii (after Cuvier and ValonciciinCH). 


Sub-order 4. Anacanthini. Malacopterygians (soft fins), w^hich 
with regard to their internal anatomy are allied to the A(;antho- 
pteri by the absence of a ductus pneumaticus ; usually with jugular 
pelvic fins. 

Fain. Ophidi idtr. Ojthidhnu havhafviii L.. Mcdilerraucan ; Amuutdyteft 

tohmnux 1.., Sand-eel, North Sea. 

Fain. Gadidas. Gadm morrhna (the Cod). In Germany dried cod is called 
Slocktisch, salted cod Laberdau. (^od-livcr oil is jirepared from its liver. Its 



Pig. 014. — OaHtero»ien» acvhaUiH^xxftm’ Huckul and Kiior). 


young (Dorsoh) were for a long time considered as a separate species (fr. 
callariax). G, tpglrfinua 1 j, Haddock, with a black sjiot behiiul the pectoral 
fin. 6/. L., Whiting, coasts of North Europe : Mrrluvciust vidgaru 

Flem., Hake, Moditerranenii and Northern Seas ; Lofn vulgaris Cuv.. Burbot, 
Eel-pout, Cony fish. Predatory fi’csh-water fish. 

Fani. PleuroneotidSB. Flat fishes. The body is comfircssed, disc-shaiied, and 
strikingly asymmetrical. The side which isdirectwl upwards towards the light 
is pigmcntetl (with change of colours) ; the other is free from pigment. Both 
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eyes are placed on the pigmented side, towards which the head is turned and 
the arrangement of its bones shifted to correspond with this asymmetry. 
llipjmghmm rulgarU, Flem, the ^Holibut, coasts of North Europe ; Rlwmhus 
waHmm L., the Tui'bot ; lih. hevig Rond., the Brill, European coasts ; 
PlenTOTiectes platesm L., the Plaice; PL linianda the Dab; Pl.Jfrgu^ L., 
the Flounder, ascends rivers ; Solra vvlgarU Quens., the Sole. 

Fam. ScomberesooidsB. Marine Malacopterygians, with cycloid scales. The 
lower pharyngeal bones are fused (^Pharyngogn-athi). Belone acnx Rond., 
Gar-pike ; Srmnbcrexoj' »nurvg Walb. ; EstoftFtug ernlamt L., the Flying fish. 
The pectoral tins arc strengthened so as to form tiying oi^^ans. E. e.v\lirnit L.. 
European Seas ; E. Rmidt/letii (’iiv. 

Val., Mediterranean (fig. fil3). 

Sub-order 5. Acanthopteri. 

Spiny-rayed fishes with comb- 
shaped gills; lower pharyn- 
geal bones usually .sepamie: 
thoracic, rarely jugular or ab- 
dominal pelvic fins. Swim- 
ming bladder closed, without 
ductus pneumaticus. 

Tribe 1. Pharsmgognathi. 

The lower pharyngeal bones 
are fused. 

Fain. PomacentridsB. Amphi- 
jirion hifagciatm 131., New (1 iiinea; 

Pomarrntrux fascia tv^ Hlocli., 

East Indies. 

Fam. Labridas. I’he Wrasses 
(Tappfische). Brigtitly - coloured 
fisli, with liesliy protrusible lips. 

Lahrus maculatas Bl., coasts of 
Europe: CrmMahrug jmvo Briinn; 

Julis pai'o Has.sq., Mediterranean ; 

E(‘arns crefens'is Aldr., Parrot-fish, Fio. 616. — Nest of OaHlrrwtft^nii punyithis (after 
M edi te rran can . Landois) . 

Tribe 2. Acanthopteri (s. str.). The lower pharyngeal bones are 
not fused. 

Fam. PeroidBB. Perches. Fins thoracic : sc’alcs ctenoid ; edge of branchiai 
operculum or pra^operculiim serrated or spinous. 'J'hcre are teeth on the pras- 
maxilla, lower jaw, vomer and palatine. Perea ItnriatilU Rond., Common 
Perch (tig. 688). A voracious fish, cs{K!cially ])ui'su(?s small Cyprinoids. 
Lahra.r Uijnig Cuv., the Bass, Mediterranean ; Averina eermta L., the Pope, 
river fish; Lueioperea samIra Cuv., river fish of S(»ulh Kuroi»e ; Serranug 
Kcriha L., hermaphrodite, Mediterranean ; Gaxternstens avaOeatm 1 ^., the 
Stickleback (tig. 014), remarkable for forming a nest and protecting tbc eggs 
and young; O. jtvngiiius L., ten-spined Stickleback (the Tinker) (fig. 015) ; 
G, ftpitmclvia L., fifteen-spined Stickleback. 
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Fam. XullidflB, Mullets. MMus harhatm L., red Mullet. 

Fam. SparidflB, Sea-breams. Sargm limidcUtii Cuv. Val. ; PagelUm ery- 
thrinuft L. ; Chryttophrys avrata L., Mcditerraueaii. 

Fam. TriglidflD. Cottm gohio L., River Rullhcad or Miller’s Thumb. A 
small fish found in clear brooks and streams. It hides beneath stones, and 
defends itself by expanding? its branchial operculum. The male undertakes the 
care of the brood. C. ncorpim L.. Sea-scorpion ; Triyla gunardun Jj.. Grey 



Guniard ; Daetylopfermt rnlitanx L., Flying Gurnard ; Uranottropnx ftcaher L. 
(Sterusehcr), Mediterranean ; Scorpama porcttJi Ti. : Tntchhtux dmro L. 

Fam. SciSBnidflB (Umbcrfische). rmhrlaa, vWrhom L., Mcdittirranean : (W- 
vina nigra Mediternniean ; Seitena aguUla Kisso., Mi‘diterraiiean. 

Fam. ScomheridsB. Mackerels. Rody elongatiul, more or less compressed, 
sometimes vciy high. The skin is oftiui silvery, and sometimes naked, some- 
times covered with small scales. There an* keeled bony [ilatcs ,in places, 



Fig. 017 . — Lophiun lUHcatoriuM (niter Cuvier ami Vuloueieiinee). 


especially ncsir the lateral line. The caudal fin usually has a semilunar shape. 
Tht'v CMUistitutc, on account of their tasteful flesh, an im})ortant object of the 
fishing industry — the Mackerel in the Xorth Sea and the Channel, the Tunny 
Fish in the Mediterranean. Sconthrr xcoiithn/x li.. Mackerel ; Zeirnfaher J..,tbe 
Dory ; Thynnu» vulgaris Cuv.. Val.. Tunny Fish ; Pvlam-ys sarda Bl., Mediter- 
ranean ; (hnnijr trachurus Ij., Horse-Mackerel, coasts of Furope; Xiphiax 
f/ladius L., Swonl-fish ; Echenvis murratvs L., Sucking-fish. 
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Fam. OobiidSB. Oolnes. Gohlu't nigrr \ Pall., Rivers of 

Italj and of South-west Russia. 

Fam. BlenniidaB. Bleniiies. Amiarhwhast htpy» L., Wolf-fish ; Blennitut 
ocdlaru L., Buttei’fly-li.sh. Moditcrraneau : Zoaroea riripavun Tuv. (fig. OKJ), 
viviparous. 

Fam. TsBnioidsB. Silvery inariue-fish, with compressed, ribhou-like, elou- 
gated-like body. Trar.hyptrrva falx Cuv.. Val. = Tr. twnUi Bl., Sehu., Nice ; 
Cvpola ryhvHcenx L., Band-fish j coasis of Kuropc. 

Fam. Labyrintbici. I’be upper ])har 5 'ngcal bones are hollowed out so as to 
have the form of coiled (meandering) lamelhe (fig. 51)4). in the spaces between 
w'hich the water recpiiixjd to keep the gills nuust is retained. Anahas Hcandens 
Dahi.. Climbing Perch, East Indies. • 

Fam. Fediculati. Of stout clumsy shape. I’he skin is naked, or covered 
with rough prominem-es. The pelvic fins, which are small and placed on the 
throat (jugular), have their so-called carpal pieces elongated, so that they form 
movable arm-like supports for the body, and are in fact useil for hofiping and 
creeping. Loph-hm pixeatoriux L., Angler, Frog-fish, etc. (fi6.Tpaxos of the 
Greeks), coasts of Europe* (fig. fil7) : Chironictnt pictm Cuv. 


Or<ler — Dipnoi.* 

Hcfdy Fishes with branchial and pidmowiry respiration^ with per- 
sistent notochord, mascnlar comm arteriosus ami S 2 nral valve in the 
intestine, 

Tiie Dipmoi (tig. 018) form a group so strikingly transitional 
between Fislies and Amphibians tJiat their first discovei’er regarded 



them as fish-liki; Reptiles, and in more recent times they have been 
i*egarded as scialy Amphibians. J n theii* external form th(*y decidedly 
i-esemble Fishes. The head is broad and flat, and has small, laterally 
placed eyes and a fairly widely^-split snoiil, at the extremity of which 
are placed the two nasjil openings. Dii-ectly beliind the liead are 
two thoracic fins, wliich, like the similarly-foriiu^d peh ic fins, possess 

* J. Ilyrtl, “ bcpidosircii pfirndoxa. Einc MonMgrMjdiic “ Prag, lH4r), 

(J. Krcfft. ‘ Bcschreibiing cines gigantistdicii .Arnpiiibiimis aus dem Wide- 
Bay-Disirict in QiUMmsland." 

A. Giinther, ‘‘Cerutodus und seine Stelle im System.'' J /•/•//. fiiv Aatnrqvxcli,^ 
Tom. XXXVTL, 1S71. 

A. Giinther, “ Description of C’erattMlus, a genus t)f Ganoid Fishes." Phil. 
Transact., 1871. 
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a membranous border supported by rays, or (Ceratodvs), like the fins 
of the Crossopterygians, consist of a central shaft covered by scaly 
skin, and of a boi'der provided with rays. The pelvic fins are placed 
far back. In front of the anterior pair of fins there is a gill slit on 
either side, above which in the African genus Protopterm {Rhino- 
cryptis) three external gill tufts are retained till late in life. In the 
Brazilian genus Lepidosiren external gills are absent. 

The Dipnoi show themselves to be fishes by the possession of gills 
as 'well as by the external form. There are eithei* four gills {Cera- 
todm) as in fishes, or their number is reduced. The structure of 
the skeleton points decidedly to the Ganoids, to which the Dipnoi 
are in other respects closely related. In Lepidosiren the notochord 
persists as a continuous awtilaginoiis cord, from the fibrous sheath 
of which dorsal and ventral bony arches with ribs pi*oject. In front 
the notochord is prolonged into the base of the skull, wlidch i*emains 
at the stage of the primitive cartilaginous cranium. It is, however, 
covered by some osseous pieces. The facial bones of the head are 
much more developed, especially the jaws, whose teeth consist, as in 
Ghimmray of perpendicularly-placed cutting plates oi* {Ceratodm) 
recall those of Cestracion, The intestine contains a spii*al \'alve, 
whicli terminates at some distance from the clojwta. The cloaca 
contains the sexual opening, and the openings of ilie ureters in its 
side walls ; it opens to the exterior — sometimes to the light side, 
and sometimes to the left, and on its posterior side there is in Lepi- 
dosiren an independent uiinary bladder. 

On the other hand, the respiration by means of lungs and the 
stiiictui*e of the liejirt indicate a relationship to tlie naked Amphibia. 
The cartilaginous nasal capsules, as in all lung -breathing animals, 
open behind into the moutli by apertures, whicii perforate the roof 
of the mouth, and are placed far forward, directly behiml the extre- 
mity of the snout. The swimming-bladder is represented by two 
sacs (in C-ei'atodus only one) plaeed outside tlie body cavity, ventral 
to the kidney, and opening into the ventral wall of the phai-ynx by 
means of a shoi*t common duct. These sacs function as lungs, 
inasmuch as they obtain venous blood from a bmnch of the posterior 
aortic arch and return arterial blood to the heart by pulmonary 
veins. To this agreement with the Amphibia may be added the 
similar arrangement of tlie hesirt and the pnnciiial trunks of the 
vascular system, the incompletely divided right and left auricles 
and the double cumulation. There is a muscular conus ai-teriosus 
which either has an arrangement of valves like that in the Ganoids 
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{CercUodus) or contains, as in the frogs, two lateral spiral longitudinal 
folds, which fuse at their anterior end and effect the division of the 
lumen into two (for the bmncliial arteries and the pulmonary 
vessels). 

Sub-order 1. Monopneumona. The body is covered with large 
cycloid scales (lig. G19 a). Vomer with two oblique incisor-like dental 
lamelhe. Palate armed with a pair of lai-ge and long dental plates 
(molars), whicli have a Hat undulated surface and live or six sharp 
prongs on the outer side. Lower jaw with two similar dentiil plates 
(lig. 619, c). Pins as in the Crossopterygii, with scaly shaft and 
rayed border on each side (lig. 619, 6). The valves in the conus 
arteriosus mther resemble tliose of the Ganoids. 



Fig. C19. — (Watodn« 6, its poctoml IVn (nftcr Gunther), c, lower jaw with 

dental plates of Ceratodva FornfiTi (after KrcflTt). 

Branchial apparatus formed of live cartilaginous aitdies and four 
gills. Pseudobranchs (hyoidean) are pres(*nt . The lung is composed 
of two symmetrical cellular halves. Tlie two ureters open on the 
dorsal side of the cloaca by a common opening. There is a pair of 
wide peritoneal slits (abdominal pfires) btdiind tlie anus. The Mono- 
pnemtiona feed on lettves, which they tear off with their incisor teeth 
and masticate with their molars. Thev make use of the lungs in re- 
spiration principally when the muddy water is sjiturated with gases 
from organic matter. They have existed sim^e the Triassh; period. 

Fam. Ceratodide, with the single ju'Cnus Crrafothn' A<^. C. For»trri Krefft, 
(and mwhpU (iuiitli.). the BaiTamuiida, Quccnslaml ; roaches a loujith of six 
feet. Its tlesh is salnion-Jikc and raiicli esteemod as food. 

Sub-order 2. Bipneumona. Pins narrow, with jointed cartilaginous 
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shaft and rays only on one side. Gills more reduced. Valvular 
arrangement of conus arteriosus like that in the Batrachians. Lungs 
paired. 

Fam. LepidosirenidaB. Protoj)terujt atmccfem (fig. fil 8) Owon, troincal Africa ; 
Lfjnd(mre.n paradoj'tiH Fitzg., Brazil. 


CHAraER VI. 

Class IL— AMPHIBIA. = 

Cold-blooded anmhola ^imally •ivith a naked skin, with ind/nionary 
and branchial res'piraiion, and hamaiiletely double circidation. The 
embryos have neither amnion nor aUantois, 

The external form of the body is adapted l)oth for an aquatic and 
a terrestrial life. It presents, however, considemble variations lead- 


Ms 



Vs 

Fig. 020,-— Larva of Salamandra muculata (after Malbranc). -Mk, mciliaii, lower 

lateral line. 

ing to the creeping, climbing, and jumping land animals. An 
elongated, cylindrical, or more couqu-essed form is the most frequent, 
and the body often ends with a large compressed swimming tail. 
Limbs may be absent, as in the cylindrical Coiciliidw, which live 
underground in damj) eai’th. In other cases there are only short 
anterior limbs [JShen), or anterior and posterior stumps, which have 
a reduced num]>er of toes and are unable to raise the serpentining 
body from the ground. Even when the extremities liave a con- 
siderable size and end with four or live digits, they act rather as 
pushing [organs in the movement of the elongated and flexible 
body. The Batrachians, which have short and stout bodies and are 
without a tail in the adult state, alone possess powerful limbs adapted 
for miming and jumping, and even for climbing. 

The skin/ which *is of great importance not only as a secretory 

* AVagner, Natiirlichcs System der Amphibien.*’ Munich, 1880. 

Dunu^ril ct llibron. •* Erpetologie generat*. etc.” Paris, 1884-1854. 

* Fv. K. Schulze, *• Epithel-nnd Drttsenzclhm. T. Die Oberhaut dor Fische 
and Amphibien.” Arrh.fiir mil/rosh. Annlomir, Tom. 111. 
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but also as a respiratoiy organ, is »is 
a I'lile naked and slimy. The Cmciliidm 
alone possess thickened cutaneous 
lings, in which scales are imbedded. 
The sense organs of the lateml line 
(fig. 620) also are present in the 
ac|uatic forms, especially in the larval 
condition. Grlands and pigments ai*e 
very generally present in the integu- 
ment. The former often secrete 
stitmgly smelling and caustic juices, 
which act as poisons on other or- 
ganisms (^parotid glands, as well as 
glands on the sides and posteiior 
extremities). The various colourings 
of the skin are principally due to 
branched pigment cells of the cutis. 
The change of colour in the Frogs - 
a })henomenon which has been known 
foi- some time — is caused by changes 
in the form of these cells. 

Skeleton. — Although a notochord 
may persist {Ccbcilivlce, Proteiis)^ yet 
bony, at first biconcave vertebi*ae,* are 
alwnys developed, and are separated 
by inteiwertcbral (rartiiages. In the 
Salanmndrina. the cai-tilage in the 
intervertebral i*egions grows con- 
siderably and gi’adually supplants th<i 
notoc'hord, the remains of wliich be- 
come cartilaginous. As the result 
of fuj.’thei’ differentiation of the inter- 
vertebral t^jii’tilages, the rudiments of 
an articailar head and an ai^ticular 
cup are developed, which, however, 
are only compk*tely separated in the 
Batrachians pi'ovided with proccelous 



Fio. 031. 4skcl«t,«ni of Mninpoma at- 
irghauitu^,.^ Oe/, Kxocdjntal ; F, pari- 
etiil , Fj froiJtal ; Tg, iyinpuiiic ; Pr, 
petrous, (prootic); Mx, maxilla; Jmx, 


1 »ra*n}h x 1 11 h ; JV, 1 ; 7 o, vomor ; Jif ^ 

*(.^om))ar(M‘specialIy (\Gej!-cnba'ar, Un- (Hpliou-etbmoid) ; Pf, 

tersuchungen zui* vorgleicheiKlen Anatoniic ; *’>'**» pectoral arch; J/, pel- 

der Wirbelsaiile l»ei Amphibicii mid Reiiti- y|^*"’ch; x, Kac-ral vprt,ebni ; P, riba, 
lien,” Leipzig, ]8<;2. aparatiw (retnaiiw of hyoid 

(CA) and branchial arches (Kb). 

VOL, JI. 7 i) 
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vertebrae.* The number of vertebrae is usually considerable, in 
accordance with the elongated form of l)ody ; but in the Batrachia 
the vertebral column consists of only ten vertebrae with very long 
transverse processes, which usually at the same time represent the 
ribs ; while, with the exception of the first vertebra which is modified 
to form the atlas, almost all the vertebrte of the trunk possess small 
cartilaginous rudiments of ribs. The sacral region is formed by a 
single vertebra (fig. 621). 

Skull. — The primordial cartilaginous cmnium persists, but usually 
loses its roof and floor, and is partly replaced by bony pieces, some of 
which are ossifications of the cartilaginous capsule {exoccipitah, 
auditory caps^des^ aphen-ethmoid^ quadrate), while others are 



Fig. 622 .— Skull of Buna egculenta (after Kcker). o, from the dorHiil, h, from the ventral 
Hide ; [Membrane bones of one side removed in each case]. Ocl, oxoecipital ; Pr, i)etrOBal 
(prootic) ; jfcV, ginile-hone or sphen-ethmoid ; Py, tympanic; Pp, fronto-parietal; /, 
quadrate. jugal (jugal); Mx, maxillary; Jmx, prfemaxillary ; jV, nasal; Ft, para- 
sphenoid ; Ft, pterygoid ; FI, palatine ; T, vomer. 

uivesting bones {parietala, /rontala, naaals, vomer, paraajihouoid) 
, (li^r Ai* in Lepidoairen the basi- and supra -occipital remain 

as small ciirtilag dnous tracts. Thei-e is also a pars sphenoid on the 
base of the skully (fig. 622, Pa), The large exoccipitals {Ocl) (fused 
with the opiatIwticX articulate by means of two condyles w ith the first 
vertebra, as in the' Mammalia. The projecting auditory region is 
pieroed by the fen^ra ovnlia, and the l)one in its anterior part 
corresponds to the wrootic {Pe). The lateral walls of the skull 
remain cartilaginous, \but in the ethmoid region there is a ring- 
shaped bone — the gii’dle Ixine, or sphen-ethmoid. 

* [For a fuller account of the development of the Amphibian vertebral 
column, ride Balfour. “ Comparative Embryology,” vol. ii.. p. 466 et aeq.] 
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As in Lepidosirm the mandihtiiar arch is firmly connected with 
the skull. The mandihulnr auspensoriivm and the pcdato^'imdroite 
are in direct connection with the caHilaginous cranium, and form 
on either side a wide outstanding infra-orbital arch, the anterior end 
of which either remains free or fuses with the ethmoid cartilage. 
The ossificn.tioii appearing at the end of the suspensorium gives rise 
to tlie quadrate, while a membmiie l)one, almost hammer-shaped and 
overlying the suspensorial cartilage, is called the squanwaal or perhaps 
more con’ectl}' tympanic {Ty), Two membmne bones extend forward 
along the lower side of the palato-quadrate bai^ — the pterygoid (IH) 
behind and the palatine (PI) in fi*ont. The palatine is transversely 
placed behind the vomer. The outer arch of the upper jaw, formed 
by the preemaxiUary and maxillary bones (Jinx, Mx) may by means 
of a third posteiioi* bone — the quaclrato-jugal (J) — be continued bal^k 
to the quadmto, but in many Pereminilvranxhiata it is incximplete, the 
maxillarios being absent. The skeleton of the visceral arches is more 
or loss considerably reduced in correspondence with the reti*ogi*ession 
of branchial respiration. In the perennibmnchiate Amphibia (Am- 
phibia witli gills throughout life) the visceral arches ai’e more 
numerous, and present an arrangement similar to that found only 
transitorily in the larvae of the other forms. In the ^alamandrina, 
in addition to the hyoid arch, the remains of two branchial arches 
persist ; while in adult Batra(?hians only a single pair of arches is 
retained on the hyoid bone. This branchial rudiment Ls attached 
to the posterior edge of the body of the hyoid bone, and serves as 
a suspensorium for the laiynx. 

In tlie j)ectoral girdle three parts may be distinguished — the 
scapula, the pratcoracoid, and the coracoid, to wliich a dorsal cartila- 
ginous snpra-scapula is added. While in the tailed AmphilAa ( Urodela), 
the arch is interrupted below, in the Batrachia the tj/vo halves are 
joined to each other in the middle ventral line, sm well as to a 
posterior plate which has the value of a stemum^ndi an anterior 
plate known as the episternum, Tlie pelvic gircUll is characterised 
by the narrow form of the iliac bones, which j)fre attached t<j the 
strong transverse processes of a single vertebra, Vnd at their posterior 
end are fused with the ischiac and pubic bone 

The nervous system is higher in several inspects than that of the 
fishes. The brain (vol. i., fig. 80) is certafcly in all cases small, but 
the hemispheres are large and the diff(^ntiation of the thalamen- 
cephalon and mesencephalon is furthe^ advanced. The optic lobes 
reach a considerable size, and the med^la oblongata encloses a wide 



180 


AMPHIBIA. 


fourth ventricle. The cranial nerves have the same relations as in 
the Fishes, since not only are the /(wM nerves and the nerves supply- 
ing the muscles of the eye often connected with the trigeminal, but 
the glossopharyngeal and the spinal accessory are represented by 
branches of the vagns. The hypoglossal is, as in the Fishes, the fii*st 
spinal nerve. 

With regard to the sense organs the two eyes may be rudimentary 
and concealed beneath the skin (Proteus, CaidlUdce), In the Peren- 
nihranchiata, eye-lids ai*e completely absent, while the Salamandrina 
have an upper and lower eye-lid, and the Batra^hia/ns, except Pipa, 
have, besides the upper eye-lid, a lai*ge very movable nictitating 
membrane, with which a rudimentary lower eye-lid co-exists only in 
Bufo, In the Batrachians there is a retractor muscle by means of 
which the lai*ge bulb of the eye can bo drawn back. The sti-ucture 
of the amlitory organ * of the Amphibia resembles that of Fishes. It 
is usually confined to the labyrinth with three semi-circular canals; in 
the Batrachians alone thei*e is a tympanic cavity, which communicates 
with the pharynx by moans of a wdde Fustachmn tube, and is closed 
externally by a tympanic membrane, which is sometimes freely 
exposed on tlie suiiace and sometimes covered by the skin. The 
tympanic membrane is connec^ted with the fenestra ovalis ))y a. small 
cartilaginous rod (remains of the hyomandibnlar) with a cartila- 
ginous jdate (cohmiella with operculum). When there is no tympanic 
cavity these structures are covered by muscles and skin. The cochloii, 
wliich was first discovei’ed by Deitei’s in the frog, is probably present 
in all Amphihia, Ilie olfactory organs are always paired nasal 
cavities, which ai-e pi-ovided with folds of the mucous membrane 
and open internally either anterioi-ly within the lips, oi‘, in the 
Batr.ichians and Salaniandrines, further back la^tweeu the maxillaries 
and palatines. The external skin, which is richly supplied with 
nerves, is to be I’egai’ded as the seat of the tactile sense. Tlie posses- 
sion of the sense of taste is indicated by the presence of taste papillae 
on the tongue of the Bati*achians. The limphihia certainly swallow 
their food unmasticated, and the tongue also subserves other func- 
tions; for instan(;e, in the Batrachia it is used as a j)rehensile orgjin. 

Alimentary canal.^ — The mouth is a wdde slit. Tlie vomers, 
palatines, and jaw^s are usually armed wdth sharp backwardly curved 
teeth, which are used not for mastication, but for holding the prey. 
Teeth are seldom absent, as in Pi}^ and some Toads ; but in the Frogs 
they are ahvays present on the upper jaw and palate. 

* Comi)are csj)c*cially tlie w\>rks nf Deiters, Hasse, and Kiitzins. 
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The respiratory and circulatory organs resemble, in essential 
points, those of the Dipnoi, and st»imp the Amphibia as connecting 
links between the mjuatie animals which breathe by gills and the 
higher Vertebrates with pulmonary I'espinition. In all cases there 
are two lung sacs, either simple or pi*ovided with cellular spaces ; but 
in addition to these there are, either in tlie larva or in the adult 
animal (J^ermnihrwmhiata^ tig. 58), three (or four) pairs of gills, 
which sometimes lie in a cavity covered by a reduplication of the 
skin and jirovidod with an external opening, and sometimes pioject 
freely on the neck as branched or tufted c*uta, neons appendages. The 
respiratory movements are ejected, in the absence of a thorax 
capable of disttaision and contrfiction, by the muscles of the hy(ad 
})one and by the abdominal muscles. The unpaired air-iube (trachea), 
which is su})porled 
by cartilaginous 
rods, is usually ex- 
ceedingly short and 
wide, like a larynx, 
and in the Annra 
alone is developed 
to form a. vocal 
organ, which pi*o- 
duces loud croak- 
ing sounds and is 
in tlie male sex fre- 
quently reinfoj’ced 
by a resonating ap- 
paratus, consisting 
of one or two sacs communicating with the buccal ca-vity. 

As long as the respiration is carried on entirely by means of gills 
the structure of the heart and the arrangement of the principal 
ai’terial trunks are the same as in Fishes. Jjater, when the pulmonary 
respiration begins, the circulation becomes double and the auricle 
becomes divided by a septum into a right and left cliamber, of which 
the right receiv’^cis the veins from the body, the left those from the 
lungs. The ventricle, on the contrary, still remains single, and 
therefore contains mixed blood. Tt leads by a muscailar rhythmically 
jmlsating conus arteriosus into the ascending aorta, with the reduced 
\'ascular arches. 

In the first period of larval life there are four pairs of vascular 
arches, which surround the phsuynx without dividing into capillaries 
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Fio. 023.— Aortic arches of an old fro^j; larva (from Hermann 
and Lenckart). tUo aortic ai-chcis unitinjf into the 
deMccudinp aortii. {Ail) ; Ap, pulmonary artery ; Ktf, cepha- 
lic arteries ; Hr, 
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and unite beneath the vertebral column to form the two roots of the 
descending aorta. With the appearance of gills the three anterior 
pairs of arches give off vascular loops^ wliich form the system of the 
branchial capillaries, while the dorsal parts of the arches unite with 
one another in various ways to form the roots of the descending 
aorta (hg. 623). 

The fourth vascular arch, which, moreover, is frequently a branch 
of the third (Batrachians), or arises in a common ostium witli the 
latter on the bulbus (Salamander), has no relation to the bninchial 
respiration, and leads directly into the i‘oot of the aorta. It is this 

posterior vascnlar 
arch which sends 
a branch, one on 
each side, to the 
developing lungs 
(tip:. 024, Ap), 
a,nd so constitutes 
the fii’st rudiments 
of the pulmonary 
arteries, which 
soon inci’ease in 
size and import- 
a 11 c e . In the 
Peren n i b r a n c h i- 
a t e s these a. r- 
rangements per- 
sist in essentials 



Fig. 624.— Heart anrt principal artcriee of a toad. Ad, Rijrht 
aortic arch j An, loft aortic arcli ; Ca, carotid ; Cd, ctirotid 
frland; Ap^ pulmonary art-ery; J/, cntanoouH artery; 
moHonteric artery. 


through life, but 
in Batrachians 
and Salanianders 


the disjippearanco of the gills is followed by furtlier reductions, which 
lead to the arrangement of vessels found in the higlier Vertebrates. 
With the atrophy of tlie branchml c?apillaries the connection between 
the bulbus arteriosus and the descending aorta, is again repi-esented 
by simple arches, which are in part reduced to narrow canals or even 
to solid cords of tissue (ductus Botalli) (tig. 624 and tig. 59). The 
anterior arch sends off branches to the tongue, and also the carotids, 
at the origin of wliich there is a swelling — the so-called carotid gland 
(tig. 624). The two middle arches form the roots of the descending 
jiorta and biunches may be also given off from them to the head. The 
posterior arches, which at their origin are often fused with the preced- 
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ing, give rise to the 
pulmonary, arteries, 
a narrow ductus 
Botalli, the lumen 
of which is some- 
times obliterated, 
being usually re- 
tained. Vessels for 
the head and occi- 
pital region are of- 
ten given off from 
the roots of the 
aorta. In the Ba- 
trachians, whiciJi, in 
consequence of tlie 
union of the two 
posterior branchial 
arches, possess only 
three vascular 
arches, the aoi'tic 
root is the pro- 
longation of the 
middle arch on each 
side, and gives off 
the vessels of the 
scapular region and 
the anterior ex- 
tremity, and often, 
also, on one side an 
artery to the viscera 
(mesenteric artery). 
The posterior aich 
sends off the pul- 
monary arteries and 
a sti^ong trunk to 
the skin of the back, 
but does not retain 
its connection with 
the roots of the 
aorta. As in Fishes, 
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Fio. 025. — tf, Urmary aiifl apparatus of the left sulo 

from a male Salamander, ]>arLlv dia^ammatic. T, tOHtea ; Ve, 
vaea offerentiti ; If, kidney with collecting' urinary tuhuleu ; 
Mfff Mollorian duct ; TFy, Woltllan duct or vas deferenH ; AZ, 
cloaca; Dr, proutato K^andK. b. Urinary and genital a])- 
paratus of the left aide of a ftaualc Salamander without the 
cloacal part. Oo, Ovary ; JV, kidney ; III, the urmary duct 
correspondini' to the Wolffian duct. ; Mg, oviduct or Mul- 
lerian duct. 


there is a renal-portal system, as well as an hepatic- portal system. 
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The lymphatic vessels of the Amphibia accompany the blood- 
vessels as plexuses, or as wide lymphatic sinuses. In certain places 
the lymph receptacles are rh 3 rthmically conti'actile, and have the 
value of lymph hearts. In the Siilamanders and Frogs there are two 
lymph heiirts beneath the dorsjil integument in the scapular region, 
and two close behind the ileum. Of the vascular glands the most 
noteworthy are the thymus, which is always paired, and the spleen, 
which is never absent. 

The urinary organs (fig. 625) are paired kidneys, the numeix)us 
collecting tubules of which enter the ducts of the primitive kidney ; 
these open on wart-like protuberances on the dorsal wall of the cloaca. 
Tlie urinary bladder is an unpaired diverticulum of the ventml wall 
of the cloaca ; it is usually bifid at its free end. 

In all cases there is a close relation between the urinary organs 
and the efferent ducts of the generative organs (tig. 625). As in 
the higher Vertebrates the primitive kidney (Wolthan body oi' 
mesonephros) in part becomes the epididymis and the efferent 
apparatus of the testis, so also in the Amphibia a part at least of the 
I)rimitive kidney, which in these animals persists as a urinaiy organ, 
functions as epididymis. The vasa efferentia wnk into the kidneys and 
become connected with the urinary tubules, and thus conduct their 
contents, usually by mejins of a common duct, into the terminal 
portion of the duct of the primitive kidney, which functions as a 
urogenital duct. In the Salamanders thei’e are, in addition, glands 
called prostate glands on the wall of the cloaca. In the female 
sex the ]VI iillerian duct, which is mdimentary in the male, assumes 
the function of oviduct. This duct begins with a free funnel-shaped 
dilated opening into the body cavity, takes a sinuous course, and opens, 
often after forming a uterus-like dilation, with the urinary duct 
laterally into the cloaca, in the wall of which, in the SaUtmandrina 
according to v. Siebold’s discovery, sjiccmlar glands fuiK^tioning as 
seminal receptjicles are placed. A complete hermaphroditism seems 
nevei- to occur, although in the male Toad, especially in Bufo 
variabiUs, rudiments of tlie ovaries have been found near the testes. 

Males and females are often distinguished by their size and colour, 
and also by other peculijuities (vocal s^ics), which ai*e espechilly pi*o- 
minent at the breeding season in spring and summer. In spite of 
the absence of external organs of copulation, sexual intercourse takes 
place, but it usually consists merely of an external approximation of 
the two sexes (Batrachians), and has for its consequence a feriilisation 
of the eggs outside tht> body of the mother. The male Salamanders 
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alone have copulatory organs in the form of the swollen lips of the 
cloaca, which during copulHtion clasp the cloacal aperture of the 
female, and thus render an internal fei-tilization possible. In this 
c.ise the eggs can undergo their development within the body of the 
female, and the young be born at a inoi’e oi* less advanced stage of 
development. 

It is only in exceptional cases that the parents have an instinct 
which leads them to watch over the fui-tjier fate of their brood, as 
for example Alytm (fig. 026) and the South American Surinam 
Toad {Pipa dorsigera). The male of Alytes wdnds the string of eggs 
round its hind legs and burrows into the damp earth, and only gets 
rid of his load when the embryonic development is completed. The 
male of Pipa places the eggs when laid on the back of the female, 
which then develops a ceil -like pouch muiid 
each egg. The larva* are hatched and undergo 
their metamorphosis in these pouches. In 
othei* genera, as NotodelphySy the females 
possess a spacious brood-sjic beneath the dor- 
sal integument. Except in these cases, the 
eggs ai*e either attacdied singly to w'ater plants 
(Tritoiudcf^) or laid in strings or irregular 
clumps. 

Development. — The eggs, which are rela- 
tively small,'*' undergo an unequal segmenta- 
tion (vol. i., fig. 104) after fertilization. The 
Amphibia agree with the Fishes in not 
developing an amnion or alUiniimi — the 
embryonic membranes of such importance in the highei’ Verte- 
brates. In the Amphibians, however, the urinary bladder which 
arises from the ventiul wall of the clofica is morphologically equiva- 
lent to the allantois. The embryos are also without any external 
yolk-sac consti'icted off from the body, the yolk lieing enclosed at an 
early period by the ventral plates. As res])iratory organs gills are 

(*. E. V. Oacr, Ueber die Entwickchmysjroschichle (ier Thiere,” II., 
Kiniii^sber^, 18:i7. 

Ecifbcrt, “ Das Entwickcluiifrslcljeii im Thierroicli,” Herliri, 1.S40. 

(\ Vogt, “ TJiitcrsuchiiiigen ii))er flic Ent\vick(;lii!igsLrcsf*.hichte dcr Gclmrts- 
liclferki’btc.” Snlothtirn, 1S42. 

Busootil, *■ naturellc, developpeniciit et nirtaniurpliose dc la Sala- 

mandreteiTesti-t;," Paris, 1854. 

A. Gbtte, ‘‘Eiitwickclungsgcsrtiiclite dcr Unkc,” Leipzig. 1874. 

O. Hertwig, - Die Eritwiekeliiiig des niittleren Keiuiblattes der Wirbelthiere,” 
JvH. wifitiirisit. ZviUi'hr.. Toni. XV., 1881. 



Fio. Qlii.— AliitiH ohHtetricam. 
Male witli tlie HtniiR of eggs. 
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developed on the visceral arches ; they usually only reach their full 
development in larval life. The young are always hatched at an 
early stage, and undergo a metamorphosis. The larva when hatched 
recalls the piscine type by the laterally compressed swimming tail, 
and by the possession of external gills (hg. 627) ; it is still without 
the two pairs of limbs, which only sprout out as the growth of the 
body progresses. During these processes the lung sacs which have 
grown out on the pharynx begin to function, sometimes (^Batra>chia) 
after the external gills have been replaced by internal branchial 
leaflets covered by the skin, and a bi*anchial slit has been formed on 
the side of the neck to allow of the exit of the water (tig. 111). 
Finally the branchial respiration is completely lost in consequence 
of the atrophy of the gills and their vessels, the tail becomes shorter 
and shorter and finally, in the Batrcvchia at least, completely vanishes. 
In the other groups the later or ejirlier phases of the developmental 
series are maintained throughout the whole life; thus in the 



Fro, (i27. — Larva of Ductylvthru (after Parker). 

the tail, and in the Pereiinibranchiata the gills also, 
or at least tlie external gill slits (Ihrotrema) pei*sist, and the extre- 
mities remain rudimentary, or even the anterior paii* alone are 
developed. Accordingly the series (»f forms indicated by the classifi- 
ciition of these animals otters a strikingly close parallel to the suc- 
cessive phases of the developmental history of the individual forms. 

The Amphibia fi*equently live in water only during larval life ; 
as terrestrial animals in the adult state they choose damp shady 
pliices near water, since the cutaneous i-espiration necessitates in all 
a moist atmosphere. The food almost .always consists of insects and 
worms, but in larval life principally of vegetable matters. The need 
of food is, however, relatively small, in correspondence with the low 
energy of the vital processes, with the sluggishness of their move- 
ments and ])sychical manifestations. The Amphihia can live for 
months without food, and, as for example the Batrachui, hibernate 
buried in the mud. 
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Fossil remains of this group fii*st appear in the Tertiary period, 
with the exception of the extinct family of the Lahyrintliodonta 
(JilaModonaaurus) which belongs to the Trias. 


Order 1. — Apoda* (Gymnopiiiona). 

Vermifonn Arnphihia covered with small scales, witiwut limbs, 
with biconcave vertehrm. 

The external skin of the Gymnophimm, which were for a long 
time classed with the Snakes, contains small scales which are arranged 
in transverse lings (fig. 628). The internal organisation and the 
transitory bi*anchial lespiration, however, places them amongst the 
Amphibia, of which group they are in many respects, the most lowly 
organised. This is especially the case w’itli the skeleton, which is 

lO. 628 . — Siphomps iufxicana (r^f?ne animal). 

distinguished by the bi(‘oncave form of the vertebi'ae and the per- 
sistent notochord. The bony skull, which has two condyles, is firmly 
united to the facial bones, of which the nuixillas and palatines bear 
small backw^ardly-curved teeth. Pectoral and pelvic girdles and 
limbs are entirely wanting. The small slit-like mouth lies on the 
lowei’ side of the conical head. The two nares are placetl in front on 
the snout, and near them a blind pit on each side is visible in several 
genera. These so-ctxlled false nares (like the cephalic pits of snakes) 
lead into canals, which arc regarded by hey dig t as sense organs. 

The eyes are always small in coiTOspondence with the subteri’anetin 
mode of life, and ai-e only visible through the skin as small specks. 
There is neither tympanic membrane nor tympanic cavity. 

The Gymnophiona live in South America and the East Indies, and 
feed principally on Worms and Tnsect-larvte. Joh. MUller was the 
first to show that Otjecilm glutiiwsa possesses, in the larval period, a 
gill slit on each side, which lesids to the intornal gills. According to 
Gervais, Ccecilia compressicamla is born without n. trace of branchial 
apertures, and Peters has recently confirmed t his assertion. Peters, 

Joh. Muller, “ IJeitnige zur Anatonne? uiid Njiliirgeschi elite der Amphi- 
bieii,” Treviranus ; ZcxUvhr. fUr Phya.^ Tom. JV., 1832. 

R. Wieder.sheini. Die Aiiatomie dor Gymnophionen, ’ .lena, 1S79. 

f Ft. Leydig, “ Ueber die Schlcichlurehe ((^CBcilia). Kin Reitriig zur auato- 
mischeii Keiintiiiss der Amphibien,” ZciUclir.fur tvUx. Zool.^ Tom. XVIII. 
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however, observed on the neck of the recently-bom young, which 
are deposited in water, large vesicles which he regarded as gills. 

Fam. CcBoiliidflB. Cecrilia Inmhrwoidea Dauci., South America ; Siphtmops 
mfx\4)am Dum. Bibr. (fij?. 628) ; S. annvlata Wagl., Brazil ; Epivrium 'VVagl.* 
Ceylon. 

The extinct Labyrinthodonta of the Triassic, the Permian, and 
the Cfirboniferous formations must be regarded as a special order of 
Amphihid. They unite in a remarkable manner the characters of 
the Ganoids and those of the urodele Amphibians. They possessed 
an external dermal skeleton, consisting of three broad bony thoracic 
plates and small scutes on the alxlomen, amphicceloiis vertebne and 
peculiar folded teeth (hence the name of the group) in the Cim*odile-> 
like jaws. It has also been shown that they possessed branchial 
arches in the young state [Archegosaurus), The footmarks of gigantic 
animals {Chirotherium), which have been discovered in the Bnnter- 
sandstein in England and Germany (Hildburghausen), and which 
some have ascril)ed to Chelonia and others to Marsupials, are ))i*o- 
bably due to the Lahyrinthodonta, Owen has distinguished the 
oldest forms with armoured skull as Ganocephala, Archegosaurus 
Dechenii Goldf., Lahyrinthodon Riithmyeri Wied. 

Order 2. — Caudata * (Urooela). 

EUmgated Amphibia loith miked skin, 'tmially with four short limbs 
and persistent tail, vdth or without external gills. 

The body, which is naked, ends with a long, usually laterally 
compressed, swimming tail, and possesses as a rule two pairs of short 
extremities far removed from one anotlier. These limbs effect the 
relatively clumsy movements of the animals on land, but in swim- 
ming are used in a much more effective manner as oais. The 
posterior limbs are completely absent only in exceptional cases 
(Siren) while- the anterior limbs remain as shoi*t stumjis. 

Some Urodeles (Perennibranchiata) possess throughout life three 
pairs of bramdied extermil gills, in addition to the lungs. Others 
indeed cast off the gills in the course of their development, but 
retain throughout life an external gill slit on each side of the neck 

* Daudin, “ Hist i)in* naturelle veil, ct parlic. dcs Kuntiles,” Taris. 1802 to 

1804. 

Aug. Diimeril, “ Ohsorvations sur la reproduction dans la nicnafrcrie des 
Keptilcs dll Musoc d'hist. nat. di's Axolots, etc., sur leur d^vcloi)})enient ol sur 
leurs metamorphoses,” yonv. Arch, du Mvsec d'hist. tint, dc Paris. 11., 18G0. 

Alex. Straueh, ** Kovisioii dcr Halamandridenfrattungen,” Petersburjr. 1870. 
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{Derotrenm), Many, however, even completely lose the latter, and 
show themselves by their whole organisation to be the highest mem- 
bers of the order (JSala^nandrhui), In the two first cases the vertebrae 
are biconcave, like those of the Fishes, and enclose well-preserved 
remains of tlie notochord. The fully-developed tSalarviandrinay on 
the contraiy, have vertebrae with an articular head in front and a 
concavity behind (i.e., are opisthoccelous). 

The eyes, which are small and sometimes rudimentary, are placed 
beneath the transparent skin, and except in the Salamandrhm ai-e 
without distinct lids. In all cases the auditoiy organ is without a 
tympanic membrane and tympanic cavity. The nassil ai»ertures are 
placed at the end of the projec*.ting snout, and lead into slightly 
developed nasal cavities, which communicate with the buccal cavity 
by openings place<l far forward in the roof of the mouth immediately 
behind the maxilhe. The buccal cavity is armed Avith small sharp 
hooked teeth, which on the lower jaw are arranged in single rows, 
but on the upper jaw and often on the palatine bone are in double 
row\s. Almost the whole lowia* surface of the tongue is attached to 
the floor of the buccal cavity. 

The life history of the Axolotl, which was taken by Baird, Cuvier, 
and others for the larva of a Salamandrine, is very remarkable. 
According to the observations which were made by Dumeril in the 
Jai*din des Plantes at Paris, the young retiied from the eggs of the 
Axolotl under suibible conditions lose the gill tufts and develop 
into a form which agiecs with tire Salamandrine genus A mhUjstoma, 
while the specimens which weje oiaginally intjoduced from Mexico 
preserve the Perennibranchiate form in the sexually adult condition. 
Spetries of Triton also have occjisionally been found Avith perfectly 
developed gill tufts in the sexually adult state. 

Sub-order 1. Ichthyoidea.* 

(Jrodda urith three pairs of external yilh or witJumt them, hut with 
persisting bramchial aperture; with jish-like hiconeare vertehrw and 
well-preserved, notochord. 

The Ichthgoidea represent the lowest grade among the Trodela 
Avith regard to their respmition, the structure of their skeleton, and 
their Avhole organisation ; and to a certain extent repr(?sent persistent 
developmental stages of the Salamw/iulrina. 'I'lie eyes are small, and 

* Configliacbi and Rni^eoiii, l)*‘l Prot«*n anguiiiM di Luurciiti,’’ Paris, 
ISli). 

Hyrtl, *• Cry]>tobra]j(*huR jaiionicus,” Wien, iHfiS. 
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are covered by the transparent integument. The palatal teeth 
{Sirm) are arranged in rows like the teeth of some Fishes, or form a 
curved arch at the anterior end of the palatine bones. The extre- 
mities also are weak and reduced ; the anterior end with three or 
four digits, and the posterior with two to five jointed digits. The 
digits may, however, be rudimentary and be without distinct joints. 

Amongst the Tertiary remains of this gi’oup the gigantic Andrias 
Schev^hzeHy which became famous as Homo diluvii testis, is worthy 
of remark. 

Tribe 1. Perennibranchiata. With persistent gills, usually with- 
out maxillary bones. Tlie vomer and palatine bone with rows of 
teeth. 

Fam. BirenidsB (Armmolchc). With elongated eel-like body and rudimentary 
anterior limbs, without posterior limbs. Siren laoertina li., South Carolina. 

Fam. ProteidaB (Olmc). Body elongated and cylindrical ; anterior limbs 
short, with three digits ; hind limbs placed far back, with two digits. Only 


■■ ^-.7 ■ 

Fi6. S'SSi.—Menobranehu* l^teral’m (re^'uc animal) . 


two gill slits ()n each side. Protmx anffuineus Laiir. Flesh-coloured and living 
in the subterranean waters of Carniola and Dalmatia. 

Fam. MenobranchidsB. Body elongated, with tolerably broad heiul and four- 
toed limbs. There are four gill slits on each side. 3frnohrunchm laUraJis Say, 
Mississippi (fig. Probably bolds the same relation to the genus Batrti. 

chosejtx Bonaj). that Siredon does to Amhly^tonui (Co])e). Siredon 
Shaw, and macnlahis Baird., Axolotl. The eggs are laid in the water either 
singly or in masses. The larvro, when hatched, are from fourteen to sixteen mm. 
long, have three pairs of gills, and are still without limbs. Under suitable 
ct)nditions they lose in the course of further development (according to Dum6ril. 
whose', observations have been several times confirmed) the gill tufts, the dorsal 
and (jaudal crests, and assume the feirm of Awhly^Unrui (second sexual form). 

Tribe 2. Derotrema. Without gill tufts, usually with a branchial 
aperture on each side of the neck, with maxillary bones, and teeth 
which are usually arranged in one row. 

Fam. AmphiumidBB (Aalmolchc). Body elongated eel-shaped, with short 
extremities far apart from one another. Ampkiwnia L„ A. tridaetylvin Cuv. 
(/I. weans L„ with but two digits), Florida. 

Fam. MenopomidsB. Of Salamander-like appearance, with four anterior and 
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five posterior digits. Menopoma alleghan,kn«v Hjirl.. reimsylvania and Virginia ; 
Cryptohraticlim japonivux v. d. l iocv., moi*e than three feet long, Japan. 

Sub-order 2. Salamandrina.'^ 

Without gills or gill aperture loith valve-liks eye-lids and opisthoav- 
Ums vertehrcb. 

The body, which is shaped more or less like that of a Lizard, is 
without external gills and gill-slits in the adult state, and always 
possesses anterior and postenor extremities, of which the first usually 
have four and the latter five digits. Well-developed eyelids are 
always present. The palatal teeth form two rows, whi(;h unite in 
the middle line at the posterior margin of the palatine hone. The 
skin is moist and slimy, and has a more or less uneven warty appear- 
ance, owing to the presence of a number of glands which secrete a 
pungent and irritating milky fluid. These glands are sometimes 
especially aggi*egated in the region of the ear. 

The Aquatic Salamanders (Newts) lay fertilized eggs on plants. 
The Land Salamanders, on the contmry, are viviparous and deposit 
theii’ oflspring, which pass through their metamorphosis more or li*ss 
comi)letely in the uterus of the mother, in water. The spotted Land 
Salamander produces tliirty to forty larvje, each twelve to fifteen 
mm. long, wdtli foui* legs and external gill tufts, while the bljick 
Land Salamander of the higher Alj)ine rt'gions bears only one [two ?] 
completely-developed oflspring. In the latter case, of the numerous 
eggs w^hich enter the two utei*i, only the lowest on each side 
develops into an embryo, which dei'ivos its nourishment from tlie rest 
of the eggs w'hich run togethei* so as to form a common mass, and is 
able to undergo all the stages of develo])ment within the uterus. 

Fain. TritonidaB. Aquatic SalaraanfltM-s or Newts. Of sIcjhIlm* form, with 
laterally compressed swimming tail. Triton vrutatux Ijiiur., large Newt. Tr, 
alpegtrim Laur. (Jtjm'ux Beehst.), (llergsalamander). Tr. tirniatuK^ Schn., small 
Newt. 

Fam. SalamandrinaB. Land-Salamanders. Clumsy body, with cylindrical 
tail. Salavtandra marulom Laur., the Spotted Salamander ; distributed over 
almost all Europe to North Afiica. S. atra Laur., Illack Salamander, in the 
high mountains of South Germany, France and Switzerland. 

* Ruscoiii, “Amours des Salamaiidres aquatiques," ATilano, 1821. 

Rusconi, “ Histoinj naturellc, d6veloi)penient et m^tamoriihose de la Sala- 
mandre terrestre,*’ Paris, 1854. 

V. Siebold, “Uelier das Receptaculum seminis d(jr weiblichen Urodclen.” 
ZeiUchr. fiir wi«)t. Znol.. 1858. 

Fr. Lcydig. *‘ Ueber die Molche der wurtcmbergischeii Fauna,” Archiv fur 
Natvrffexch.f 1807. 

R. Wiedersheim, “ Salamandrina perspicillata und Geotribjii fuscus, etc,, 
Genua, 1875. 
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Order 3. — Batrachia*=Anuea. 

Amphibia of stout form^ with naked skin, without tail, with pro- 
coeloua vertebrae and well-developed extremities. 

The body is short and stout and is without a tail. On the head 
are the wide mouth and the large eyes, the iris of which has usually a 
golden lustre. The eye-lids are well developed, and the lower, which 
is transparent, can be drawn as a nictitating membrane completely 
over the eye. The nasal apertui*es arc placed far forward on the 
extremity of the snout, and cjxn be closed by membranous valves. 
In tlio auditory organ there is generally a tpn panic cavity, which 
communicates with the buccal cavity by means of a short wide Eusta- 
chian tube and is bound externally by a large tympanic membrane, 
which is sometimes fi*ee and is sometimes^ concealed beneath the skin. 

Only a few of the Batrachia are without teeth Bnfo) ; as a 

rule there are small hooked teeth anunged in simple rows at least on 
the vomer, in the Frogs and Pelobatidwy on the maxillaries and pra?- 
maxillai'ies also. The tongue is absent only in a small group of exotic 
forms ; it is usually attached between the mmi of tlie lower jaw in 
such ii way that its posterior part is completely free, and cjin be 
protruded as a prehensile organ from the wide mouth. 

Bibs are, as a rule, absent, but the transverse pi'ocesses of the 
dorsal vertebrae attain a considenible length. A pectoral and pelvic 
girdle is in all cases present. The former is distinguished by 
firm connection with the sternum, the latter by the styliform 
elongation of the ilium. The hyoid bone in its definitive form is 
considerably simplified ; the body, is supported by large anterior 
horns, while the branchial arches on each side are reduced to a 
single posterior horn. 

In the skin, which is usually naked, glands with an acrid milky 
secretion are often aggregated in many places, especially in the region 
of the ear, where they form large glandular projections (parotid). 
Glandular aggregiitions occur also on the middle division of the hind 
legs (Bnfo calamita) and on the sides of the body. 

* lliiscl von Rosenht)f, “ Historia naturalis ranarum nostrutiiim,’’ Niimboro- 
1758. 

Daudin, ‘‘ Hisioire natnrelle des liaincttes, dcs Grenouilks et des Crapauds,” 
I’aris, 1802. 

Riiscoiii, •* Oeveloppemeiit do la jn*enouillc commune,” Milano, 1826. 

(\ Rrmdi, ** Bcitra^^c ziir NatuigeHchiohtc nnd Glassification dcr nackteii 
Am])hibien,‘’ Wiirzh. Hatvr/riM/t. ZeltMihr.^ 1862. 

(\ Rnicli, Nenc Reobachtunfren zuv Natnrf?e8cliichte dor eiuheimischcji 
Ratraeliier,’* ll-a/T/A nntimi'ix. Zeii»hr., 1863. 

A. Eckcr, “ Die Anatomic des Froschcs,’’ Rrauiischwcip, 1864. 



BATBACHIA. 


193 


Reproduction takes place in the spring. Copulation is confined to 
an external appi-oximation of the two sexes, and almost always takes 
place in the water. The male, which sometimes has a wart-like 
elevation on the thumb (liamt) or gland on the arm (Pelobates) 
embraces the female from the back, usually behind the front limbs, 
and pours out the seminal fiuid over the spawn as it issues in strings 
or in clumps. The individual eggs are surrounded by a viscous layer 
of albumen which sw’ells up in the water. 

The upper half of the ovum is of a darker colour tlian the lower. 
The process of segmentation begins in the upper pai*t, and the con- 
strictions which lead to the formation of the segmentation spheres 
proceed more rapidly in this region than at the lower pole. With 
the end of segmentation a cavity — the segmentation cavity — appears 
in the mass of cells ; it is plnced nearer to the upper pole than to tlie 
specifically heavier lo\\'er pole. The germ [blastoderm], with medullary 
plate and folds, arises on the upper half ; it quickly, even before the 
closure of the medullary canal to form the medulhuy tube, grows 
round the yolk. After development of the branchial ai*ches and before 
the mouth is formed, the embryos which have a short tail letive 
their egg membranes as tadpoles at a stage of development which 
vaiies with tlie species. They then attach themselves by means of 
two suckei‘.s to the gelatinous remains of the spawn (similar suckers 
are present on the throat of the Triton-larvie, where however they 
are strdked). Most lar\w leave the egg membranes with more or less 
developed rudiments of three pairs of branched external gills (vol. i., 
fig. 111). The body gradu:dly increases in length and the fin-like 
tail develo])es. Later the mouth is formed and thc! larva begins 
to feed. Hoon the external bmnehial appendages disappear, while 
the skin grow.> over the gill slits like an operculum in such a manner 
that only one gill aperture is left, through which the water flows out 
of the branchial chambers on either side. 

During these processes fresh lancet-shaped gill-plates are developed 
in double lows along each branchial arch. The mouth is armed with 
a horny beak, which is used in gnawing vegetable and also animal 
substances. The intestine his become very long and much coiled, 
and the lungs have grown out of the pharynx in the form of long 
sacs. As development proi*eeds the hinder extremities first make 
their .appearance on the body of the T.adpole closer to the attachment 
of the strongly-developed swimming tail. As the [uilmonary respi- 
ration increases, the biunchial apparatus becomes more and more 
leduced, and the animal undergoes an eedysis, with which is con- 
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nected not only the loss of the internal gills, but also the appearance 
of the anterior extremities which have been long concealed beneath 
the skin. The homy beak is now cost off, and the eyes, which have 
hitherto been concealed beneath the skin, appear on the surface, and 
are of considerable size. The larva has now become an exclusively 
air-breathing, four-legged Frog, which has only to lose its swimming 
tail in order to acquire its definitive form and be fitted for its 
terrestrial life (vol. i., fig. 112). 

Some Batrachia are true land animals (Toads and Tree-Frogs), 
which especially love dark and damp hiding places; others live 
indifferently on land or in water. In the first case the five toes of 
the hind feet are either entirely without a connecting membrane or 
only have an incomplete one; exceptionally (Pelohates), however, 
they are completely webbed. In the second case, on the contrary, 

the hind feet are, as a rule, com- 
pletely webbed. The land Frogs 
usually seek the water only at 
spawning time; they crawl, run, 
and hop on the land, or dig passages 
and holes in the earth {Pelohafes, 
Alytstt), or they are able to climb 
up shrubs and trees by means of 
suctorud discs on the ends of their 



toes {Dendrohates, Ilyla). 

Tiibe 1. Aglossa. Batrachia with - 


r 




out tongue. The tympanic mem- 
bi’ane is not exposed. The eyes are 
phiccd anteriorly near the angles of 
the mouth. The hind feet have 
entire webs. They live in hot locali- 


Fio. Bso.-itac/jrW*™ especially of the New World. 


Fam. PipidaB. Body to.ul-likc, flat, ^^ithout teeth on jaws and palate, 
dortngera Schn., Surinam Toad. 

Fam. PaotylethridaB. The baly is more frog-like, with teeth on the maxil- 
larics and prjvmaxillarics. Xnwpttst QJJactylethra) capemia Cuv. (Krallenfrosch), 
(fig. 030); Myohatrachnifi jtaradoxux Schleg. 

Tribe 2. Oxydactylia. Batrachia wdth freely movable tongue 
and pointed fingers and toes. 


Fam. BanidflB. M^ater- Frogs. Batrachiaiis with long hind limbs, ivhich are 
adapted for jumping, and the toes of which arc usually connected hy entire 
swimming membranes. There are small hooked teeth on the maxillaries, prae. 
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maxillarics, and usually also oii the vomer. Ram esmtlenta L., the green Frog. 
Green with dark spots and yellow longitudinal streaks on the l>ack. The male 
has two vocal sacs. Leaves its place of concealment at the end of April, and 
s))awns at the end of May or the beginning of June. On the banks of stagnant 
water. R. temporaria L., the brown frog, with dark spots on the head in the 
auditory region. It appears very early, and copulates in March; but only 
remains in the water to spawn, and then frequents meadows and fields. Steen- 
strup has divided this frog, which is widely divided over Europe, into two 
species {R. ojnjrhina^ platyrhina). R. mugiem Daud., Bull-frog, North Ameiica ; 
PxevdU paradoxa L., South America, distinguished by the size of its lai’vae. 

Fam. PelobatidsB. Land-frogs, Toad-frogs. With more or less warty, rough, 
and richly glandular skin, and clumsy toad-like form ; with teeth on the 
maxillarics. AhjU» ohstftrieans Laur. (tig. (>2G) ; Pclohates fuseva Lnur. ; 
Romhinaim* igurua Rds. (Unke. Feuerki’dte). 

Fam. BufonidflS. Toads. Of clumsy build, with warty glandular skin (ear- 
glands) and toothless jaws. 'I’he posterior feet have five digds, and arc but 
little longer than thci anterior, so that the animal is unable to spring with the 
same agility as the Frogs ; but they can in many cases run with great speed. 
Rtifo vtdgai^ Laur., the common Toad ; R.vtridis Laur. (varitihilis)^ the green 
Toad ; B. calamita Laur. (KreuzkriJte). 

Tribe 3. Discodactylia. Batrachians with tongue and with broad 
digits, the points of which are provided with suctorial discs. 

Fam. Hylidas. Tree-frogs. With maxillary teeth and without parotids. 
Tlgla arhorea L., Tree-frog, cosmoiwlitan ; Notodvlphys ovifnui Weinl., 
Mexico. The female lias a brood-pouch on the postci’ior part of the back. The 
larva! liavc bell-shaped external branchial vesicles. Ph yllomxduHa hicolor Ilodd., 
South America ; Rendrohaivs iitteforius Schn., Cayomic. 


(^HAFTEIl VII. 

Class III.— REPTILIA.* 

Scaly or armoured coldddooded auhiyifs with ecclusioely pulmonary 
respiration and two ventricles incompletely separated from one another. 
Embryos with an amnion and an allantois. 

The body-form of the Reptilia varies far more than does tluit of 
the -.1 mphibia, hut repeats on the whole tlu» tyjies described for the 
latter class. The trunk still plays the principal part in locomotion, 
and accordingly the vertebral column presents n uniform segmenta- 
tion adapted for serpentine movements. The body, except in the 

* J. G. Schneider, llistoria Amphibiorum naturalis *1 literaiia.” 171)9 to 

1801. 

A. GUnthcr, “ The Re]»tiles of British India,” London, 18G4. 

E. Bchreibcr, “ Herjieiologia europiea,” Braunschweig, 1875. 
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Tortoises, is elongated and more or less cylindrical, and is either 
altogether apodal, as in the Snakes, or is provided with tivo or four 
extremities, which as a rule serve only to support and push on the 
body which glides along the ground on its belly. In correspondence 
with this mode of locomotion a cervical region is scarcely at all 
marked, and even when more developed is always relatively rigid ; 
the tail on the other hand is long and movable. 

The skin, as opposed to the predominating soft and naked skin of 
the Amjjhihia, is tough and firm, in consequence of ossifications of 
the cutis as well as of a comification of the epidermis. The former 
lhay give rise to bony scutes, overlapping one another in a tectiform 
manner (Scincoidea), or to larger bony plates, w^hich constitute a 
hard, more or less continuous, dermal armour (Crocodiles, Tortoises), 

In general pigments are present in the dermis as well as in the 
deepei- layer of the epidermis ; they determine the di\'erse colouring 
of the skin, and sometimes cause a true change of coloui* (green 
Tree Snake, CJia/moileon), Cutaneous glands are also widely distri- 
buted among the Ueptilia. Many Lizards in particular possess rows 
of glands on the inside of the femur and in the anal region, which 
open by distinct pores sometimes on wart-like j)rotul)erances (femoral 
pores, anal pores). In the Crocodiles, too, larger groups of glands 
are placed beneath the dermal armour both at the sides of the anus 
and on the sides of the rami of the lower jaw. 

The skeleton only exceptionally presents the embryonic form of a 
cartilaginous cranial base and persistent notochord. The veiliebml 
column is more distinctly divided into regions than is that of the 
Amphihia, although the thoracic and lumbar regions still allow of no 
sharp limitation. In the cervical region the first vertebra becomes 
the atlas and the second the axis. While fossil Hydrosaurians and 
the Ascalahota possess biconcave vei’tebiie, the vertebral bodies of 
other Reptiles are always bony and generall 3 '^ procadous. 

Ribs are very generally present, often along the whole length 
of the trunk. In the Snakes and the snake-like Lizaids, 
in which a sternum is absent, all the vertebrae of the trunk 
with the exception of the atlas bear ribs, w^hicli, to compensate 
for the absence of limbs, are capable of free movements. In the 
Lizards and Crocodiles (fig. 57t3) there are shoi*t cervical ribs. The 
thoracic ribs are joined to a sternum by means of special sternocostal 
pieces. In the Crccodiles there is in addition an abdominal sternum, 
which extends over the belly to the pelvic region, and is composed 
of a number of ventral ribs (without dorsal pari). The sacral 
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vertebrfe, of which there are usually two, have very large transverse 
processes and ribs. 

The skull (fig. 631) articulates with the atlas by means of an un- 
paired, often trifid condyle of the occipital bone, and presents a complete 
ossification of Inearly all its parts, the primordial cranium being almost 
completely replaced. In the occipital region all four elements are 
present as bones; but the 
basi-occipital (Tortoises) and 
the supnx-occipital (Croco- 
diles and Snakes) may be 
excluded from the boundary 
of the foramen magnum. In 
the periotic capsule there is 
a fenestra rotmulaj as well 
as the fenestra oralis witli 
the columella. The opisthotic^ 
which usually fuses with the 
exoccipital, takes part in 
bountling the fenesim oralis 
(in the Tortoises the exocci- 
pital and the opisthotic are 
separate). 

The 2 >yoot{c, on the other 
hand, is separate in all Ilep- 
tiles; at its anterior there is 
in front of the lateinl parts of 
the occipital i’(*Ldon a separate 

. . Fig. Sknl) of Mont for (after (TOffoubaur). a, 

jyrootlCy at tlie front mai’gin from alcove, from below. C, occiiiitul eomlylo; 

of which is the for-amen for Kiipra-occipitai; Oc/, exocripitai ; Ooh, imi- 

occipital ; /*, parietal ; -Fr, frontal ; poftl- 
the tllird branch of the tia- frontal; J’l-f, imi-frontnl; £, larrymiil ; If, rnuutl; 

gcmintis. The ejliotic is Q. qt^lrnte, «i, .iua.lr»tojnwl; 

® ^ ^ J, jn^al; Mxf maxillary; Jww, pramuixillary ; 

fused with the supni-occipi- Co, colnmellu; baHi-aphenokl; zv, pterygoid; 
tal. Tlie anterior expansion ; r., vomer; Tr. o« tmnsverKam. 

of the cranial capsule, and the development, of the sphenoidal region, 
present considerahle dificronces. At the base of the skull there is a 
hasisphenoid in place of the ]xir€L8phenoid, The alisphenoids and the 
orhitosjihenouh are as a. lade wanting, and are often replaced by pro- 
cesses of the parietals {Chelonia) or of the fronto-parietals {Ophidia). 
In the Chelonia iim\ Lizards there is a large membranous interorbital 
septum, whicli may also contain ossifications. The bones of the roof 
of the cranium are always very large — sometimes paired, sometimes 
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unpaired. The frontal bone in many cases takes no part in the 
formation of the roof of the ciunial cavity, and only lies on the 
interorbital septum. Behind the latei-al parts of the fi*ontal in 
the temporal region are the postfrontaU In the ethmoidal 

region the median paii remains in part cartilaginous, and is covered 
above by the paired nasal bones {N), and at the base by the vomsr 
(Fo), which in the Snakes and Lizards is paired. The lateial parts 
are always separate from the median, and are known as the lateral 
ethmoids or pi-jefi-ontals {Prf). In the Lizards and Ci*ocodiles 
lachry'Duds (L) are present on the outer side of the priefrontals, 
bounding the anterior margin of the orbits. 

The aquamoBal {Bq) is more intimately applied to the cranium, and 
the quadrate {Q) is always a strongly developed bone. In Cltelonia 
and Crocodilia the quadiate and maxillo-palatine apparatus are im- 
movably united with the wall of the skull ; in Snakes and Lizards, 
on the other hand, they are more or less freely movable. In the 
first case not only ai'e the large pterygoid and palatine bones fused 
with the sphenoid, but the quadiate bone is veiy fiimly connected 
with the superior maxillary {i.e. jugal) arcade. In the Crocodiles a 
transverse bone (os transve^sum) is developed between the pterygoid 
and maxillary, and also a supeiior temporal arcade by which the 
squamosal is connected with the postfrontal on either side. In the 
Ijizards, in which the maxillo-palatine appaiiitus and quadrate are 
movably articulated to the skull, the jugal arch is completely absent 
the jugal is not connected with the quadmte by bone]. On the 
other hand, these animals possess not only a transverse bone (os 
transversum) (lig. 631, Tr), alretidy mentioned for the Crocodiles, 
but also a column-like bone — ^the columella — which extends between 
the parietal and pterygoid. The facial bones ai*e, however, most 
movable upon one another in the Ophidia, which are without the 
jugal ai-cade, but present a large os ti’ansversum. The two lami of 
the mandible, wdiich in all Reptilia and lower Vertebrates are com- 
posed of several pieces, are in these animals connected at the symphysis 
by an elastic band, an arrangement which permits of considerable 
extension towards the sides. 

The visceral skeleton is reduced to the hyoid bone, from the anterior 
arch of which the dorsal element (Jiyo^nandibular) is separated off, 
enters into relation with the auditory appaiatus, and is known as 
the columella. The hyoid bone is most reduced in the Snakes. 

The limbs and their gii'dles are completely absent in most Snakes. 
In the Peropoda and Tortricidoe, however, traces of hind limbs are 



THE NERVOUS SYSTEM. 


199 


found in the anal region, but they are hidden beneath the skin, 
except the terminal pai't, which beat's a claw. In the iMcertUia the 
extremities present very various grades of development ; while the 
pectoral and pelvic girdles are without exception present, though 
they are sometimes very rudimentary, the 
anterior and posterior limbs may be com- 
pletely absent (Blind worms), or the one 
pair may be present without the other as 
small rudiments. In most cases, however, 
l)oth jmirs of extremities are completely 
developed, and pi*ovided with five digits. 

Sometimes the digits are connected by 
swimming membniiies (Crocodiles), or the 
extremities are modified to form flat 
swimming fins (fossil Hydrosaurians and 
Turtles). 

TJie nervous system (fig. 632) is de-C5“ 
cidedly higher than that of the Amfldhia, 

The hemispheres are distinguished by 
theii’ considerable size, and begin to cover 
the mesencephalon. The cei-ebellum shows 
various grades of development progressing 
from the Snakes to the Crocodiles, and in 
the latter recalls that of Bii*ds by the 
contrast of its large median lobe and its 
small lateral appendages. Of the cmnial ^c- 
nerves tlie facial is no longer united witlip,^^ osa.-Bmin of tho 
the trigeminal, and the glossopharyngeal »<eon from above (after Rabi- 

appears as an independent nerve, which (ecrebrai hemUpheros) ; Mk, me- 

has, however, several connections with the Beucephaion (corpora biKcmina); 

. Ci, cerebellum; 3fo, medulla 
vagus. The spinal accessory also aiises oblongata; z, olfactory nerve; 

independently except in the Snakes, zy, ojitic; / t\ trochlear (fourth); 

1 1 1 • i_ ^ r, tripfcmiimH (fifth); FZ/Z, audi- 

J^inally the hypoglossal, which passes out toiy nerve ; ZA', glossopharyngeal 

through a single or double opening in tho 

^ 1 spinal accessory (eleventh); IC, 

skull, enters the category of the cranial first spinal nerve; 2C, second 

neiwes. 

The eyes are without lids in the Snakes, Geckos, and Amphisbsenas, 
but are pi*otected in these animals by a tmnspai*ent capsule, which is 
separated from the cornea by a space filled with Ifudirymal fluid. In 
all other cases there is an upper and lower eyelid. An independent 
nictitating membrane at the inner angle of the eye is always accom- 
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panied by the appeamnce of a special gland {Harderian gland). Peculiar 
folds of the choroid, which correspond to the processus falciformis 
of the eyes of Fishes and to the so-called pecten of the eye of Bii*ds, 
are present in the eye of Lizards. 

The auditory organ has a* simple tubulai* cochlea and a (‘Oitc- 
sponding fenestra {fenestra rotunda), A tympanic cavity with 
Emtojchian tube and tympanic membrane is wanting only in the 
STiakes and apodal Lizards. In these cases the opeiculum, which 
covers the fenestra ovalis, and the columella which is attached to the 
operculum, are buried among the muscles, as in numerous A mjddhia. 
When a tympanic c«avity is present, the columella is applied by its 
cartilaginous end to the tympanic membrane, which in many Lizards 
is still concealed beneath the skin, while a wide Eustachian tube leads 
into the pharynx. A cutaneous fold above the tympanic membmne 
of the Crocodiles may be regarded as the first i*udiment of an ex- 
ternal ear. 

The olfactory organ of the Reptilia shows, principally in the 
Citelonia and CrocodiUa, a consideiable augmentation of the surface 
of the mucous membrane, the folds of which are supported by carti- 
laginous turbinals. The external nares can be closed only in the 
Wiiter-Snakes and the Crocodiles by an arrangement of valves. In 
the Crocodiles and Chelonians the internal nares open far back on 
the palatal part of the mouth. In the Snakes and Saurians there is 
also a, second olfjictory organ embedded between the tiii'binals and 
the vomer {nasal glands^ Rathke, Jacobson's organ, Leydig), the 
nerve of which arises at the end of the olfactory lobe, and is spi-ead 
out like a cup around a cartilaginous papilla. 

The sense of taste is by no means always located in the tongue, 
since in Snakes and many Lizards this organ serves for feeling, and 
in other cases — e.g,, the Chamsuloon — is used as a prehensile organ. 
Leydig* has recently discovered cup- shaped sense-organs in the 
buccal cavity of Snakes and Saurians. In the Snakes they ai*e 
arranged alongside the rows of maxillary teeth, in Sauiians they are 
embedded in small pits of the connective tissue. 

Alimentary canal. — Excepting in the Chelonia, whose jaws 
possess a horny cutting investment, which constitutes a kind 
of beak, the jaws are provided wdth conical or hooked prehen- 
sile teeth, which hold fast the prey, but cannot masticjite it. As 
a rule, the teeth ai*e confined to the jaws, and are always arranged 

• Fr. Leydig, “ Zur Konntniss der Sinnesorgaiio dor Schlangcn,” Arch, far 
mikr. Anatomic, Bonn, 1872. 
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in a single row; sometimes they are fastened to the upper edge 
(^a4!rodont\ sometimes to an external, strongly projecting ledge 
of the flat dental gi*oove {pleurodont), rarely, as in Croc*odiles, 
they are wedged into special alveoli. Hooked teeth may also be 
present on the palatine and pterygoid l)ones, and in this case 
they frequently in non-poisonous Snakes) form an inner 

arched row on the roof of the mouth. In the poisonous Snakes 
special teeth of the upper jaw are traversed by a groove or canal, 
and enter into close relation with the ducts of poison glands, the 
secretion of which passes into the wound through the groove or 
canal in the poison teeth. Salivary glands are found in Snakes and 
Lizards, both in the lips and on the lower jaw, and a sublingual 
gland may also l>e present. The possession of the latter is charac- 
teristic of the Chelonia, 

The a3soj)lia,giis is very long, and is wipable of an extra oidinary 
degree of dilatation. Its walls are usually folded longitudinally, but 
they may also be beset with large papilhe, as in the Tui*tles. The 
stomach is usually arranged longitmlinally, except in the Chdoniaf 
which possess like the Frogs a transversely-placed stomach. The 
stomach of the Crocodiles resembles tliat of Birds, botli by its 
rounded form and by the strength of its muscular walls. The small 
intestine is but little coiled, and remains rehitively short; in the 
Land-Tortoises alone, which live on vegetable matter, is the intestine 
moi’e than six or eight times longer than the botly. The broad huge 
intestine (rectum) usually begins with an annular valve, and often 
with a (»ecum, and leads into the cloaca, which opens beneath the 
root of the tail by a round opening, or as in the Snakes and Ijizards 
by a transverse slit i^Vla(jiotreAtm), Liver and pancreas are nevei’ 
absent. 

The lleptilia breathe exclusively by lungs, which have the form of 
spjicious sacs, with alveolar projections of the walls, oi- with wide 
spongy cavit ies (Tortoises and Crocodiles). In the Snakes and snake- 
like Lizai'ds the lung on one side is moi e or less reduced, while the 
other oVjtaiiis a. correspondingly gi^eater sizt*. The postei ior end of 
the latter loses not only the cellular alveolar spaces, but also the 
respiratory vessels, and has the form of an aii*-r(5servoir (foreshadow- 
ing the air-stics of Birds), which renders respiration possible dur- 
ing the slow process of swallowing. The aflerent air-passfiges are 
always difierentiated into a larynx beginning with a slit-like glottis, 
and into a long trachea and bronchial tubes, supported by carti- 
laginous and often bony rings, A membranous or cartilaginous 
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epiglottis is present in many Tortoises, Snakes, and Lizards. The 
Geckos and Chamieleons alone have a vocal apparatus. The renewal 
of the air necessary for respiration is, except in the Chelonia, always 
effected by aid of the ribs. 

Tlie circulatory organs (fig. 60) present various grades of develop - 
ment, even to the complete division of the heart, and to the separation 

of the venous and arterial blood. 
Not only are there two auricles 
which are distinct even exter- 
nally, but the ventricle also is 
divided into a right and left 
chamber. The piirtition wall of 
the ventricles is indeed per- 
forated in Snakes, Lizards, and 
Chelonians; but in the Croco- 
diles it is complete, and effects 
the separation into a right and 
left ventricle. In the first cases 
the pulmonary arteries and the 
aortic trunks arise from the 
wide thin- walled right division 
of the ventricle. In the Croco- 
diles, on the other hand, the 
pulmonary arteries and the 
aortic trunks have a separate 
origin (fig. 633). The complete 
numbei’ of aortic arches is 
present only during the fcetal 
life ; in later life their number 
becomes much reduced. Ori- 
ginally five pairs of vascular 
arches — as also in Birds and 
Mammals - are present; they 
embrace the gullet and join to 
form the two roots of the aorta. Most of them, however, undergo 
reduction, losing their connections with each other, so that finally 
each aortic iwt (Saurians) arises from two vascular arches, or is 
the prolongation of a single aortic arch. The aorta, w^hich passes 
out from the heart, is divided into three trunks — a right and left 
aorta and a pulmonary artery — each with a separate opening 
into the ventricle [Le,, three distinct arteiial trunks leave the 



Fig. 633.— Heart and large vascular trunks of 
Alligator lucium seen from the ventral side 
and partly opened (after Gegenhaur), I>, 
right auricle ; S, left auricle ; O, ostium 
venoBum of the right auricle ; Oo, auricnio- 
ventricular aperture; bulbus arterio- 
sus ; Cf carotis primaria ; Sd, 8^, subclavian 
arteries; Ad, right aortic arch; An, left 
aortic arch ; P, pulmonary artery ; T, con- 
nection of right with left aortic arch; JIf, 
mesenteric a.i*tery; Pc, connection of the 
heart with the iiericardium ; FP, position 
of the fommen Panizza’. 
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ventricle or ventricles, and not one only as in the Ichthyopada]. 
In the Snakes and Lizards the left arterial trunk is prolonged 
into the left aortic i*oot without giving off vessels (fig. 60, Aos), 
while the right and larger before being prolonged into the 
right aortic root gives off a common stem for the two carotids 
(fig. 60, 1), between which and the corresponding aortic roots a 
connecting vessel (ductus Botalli), constituting a second persistent 
aortic arch, may be retained (many Lizards). In the Chdonia the 
right aortic arch likewise gives off the carotids and subclavians, while 
the left gives off the visceral arteries. In consequence of the very 
small size of the aortic root of the latter, the aorta appears to be 
mainly a prolongation of the right aortic arch. Crocodiles present 
the same arrangements, but in them the right arterial trunk arises 
from the left ventricle and receives arterial blood from the latter. 
In this case also, in spite of the complete division of the heart, the 
mixture of venous and arterial blood is not wholly avoided, since 
there is a communication — the foramen Panizzce — between the right 
and left aortic ai-ches. When the separation of the two ventricles is 
incomplete, mixture of the two kinds of blood takes place in part in 
the heart, although the entrance into the pulmonary vessels can by 
special valvular arrangements be separated from the ostia of the 
arterial trunks in such a manner that the arteiial blood principally 
flows into the latter, and the venous into the former (Briicke). In 
the venous system there is, as in the Amqddhia^ a i-enal-portal as 
well as an hepatic-portal ciiculatipn. In the Chelonia and Crocodilia, 
however, the renal-portal system is more and more reduced, for the 
greater part of the blood of the iliac veins passes to the liver. The 
system of lymphatic vessels presents extraordinarily numerous and 
wide lymph spaces, and is arranged exactly like that of the Amqyhihia, 
Contractile lymph hearts have only been discovered in the posteiioi* 
part of the body at the junction of the trunk and tail. Tliey 
are paired and situated on the transverse processes or ribs. 

The kidneys of Reptiles belong, as in Birds and Mammals, to the 
hinder region of the trunk, and correspond accordingly only to the 
posterior broad part of the Amphibian kidney. In Lizards and 
Chelonians a urinary bladder projects on the anterior wall of the 
cloaca. The urine is not by any means always fluid, but is often a 
whitish mass of firm consistency, and contains uric acid. 

The generative organs (fig 634) resemble those of Birds. The 
morphological relations of the generative organs of the higher 
vertebrates are attained, inasmuch as the anterior region of the 
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kidney (primordial kidney and Wolffian duct), which in Amphibia 
still functions as a urinary organ, is here transformed into the 
efferent apparatus of the testis (epididymis and vas deferens), and 
in the female sex vanishes or rarely persists as a rudiment (Roam- 
TYiulleT^s ol'gan, canal of Gartner^ ^ while in the female the Mullerian 



Fjo. Urogenital apparatus of Laceria affilh (after C. Heider). of the male. N, 
kidney; Jf, testis; Nh, epididymis; Trf, vns deferens; P, remains of the primordial 
kidney (Wolffian body) ; ST, remains of the Mullerian duct ; Pe, penis ; SP, pores of 
femoral glands ; SD, femoral glands.— 6, Of the female. Bh, urinary bladder ; Md, 
rectum (cut) ; C/, cloaca Oo, ovary ; T, Miillerian duct developed into oviduct. 

duct becomes the oviduct. The oviducts as well as the vasa deferentia 
open separately into the cloaca. The oviducts begin with a wide 
peritoneal ostium, have a sinuous course, and secrete the calcareous 
and usually membranous egg shells. The eggs in many cases remain 
a long time in the terminal part of the oviduct (which may then 
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be termed the uterus), sometimes till the embryonic development 
is completed. 

The males always possess external organs of copulation, to which 
in the females similarly arranged rudiments (cUtiyris) correspond 
In Snakes and Lizards {Plagiotrema) these organs consist of two pro- 
trusible hollow tubes, which are either smooth or covered with spines 
and lie retracted in a pouch-like cjivity behind the cloaca. When 
protuded their surface is travelled by a groove which conveys the 
sperm from the genital openings of the cloaca. In the CheUmia and 
Crocodilm, on the other hand, an erectile penis supported by fibrous 
bodies pi*ojects on the anterior wall of the cloaca. This penis also 
has a gi*oove in which the semen is received and passed on, but it 
cannot be invaginated like the two penises of Snakes and Lizai-ds. 
Copulation always leads to the fertilization of the ova within the 
body of the mother. But few Beptiles, e.g., Pelias herus amongst 
the Snakes, and the Blindworm amongst the Lizards, are viviparous. 
Most forms are oviparous, and bury their eggs in damp eaith in 
sheltered warm spots, and take no further trouble about their fate. 
Some of the Pythons, however, are an exception to this ; inasmuch 
as they coil their body together over the eggs wJiich they have laid, 
and aftbrd warmth and shelter to the developing l)rood. 

The developmental histoiy of the Beptiles is very similai* in its 
general features to that of Birds. The ovum is relatively large, and 
is sometimes surrounded by a layer of albumen within the shell. 
The segmentation is partial and leads to the formation of a dis(^oidal 
blastoderm, with primitive groove ami medullary folds. Before the 
medullary folds have closed, a tran.s^ erse depression appejirs at tlie 
dilated anteiior end of the medullary groove ; this depi*ession is the 
head fold, which leads to the origin of the cranial fiexure, a feature 
always found in the liigher vertebrates. [The cranial flexure is 
found in all vertebrates except Amphioxus.] The embryo which at 
first lies fiat on the yolk, becomes gradually more and more sharply 
marked oft‘ from the latter, for the ventral walls of the boat-shaped 
body grow together, and leave only a .''inall opening (nvihiliciAn). 

* C. E. v. 15aer, “Uebor Eiitwickuliuigsgescliiclite dcT Tliicrc,” 11., Kiinigs- 
bci-R, 1837. 

H. Rathkc, *• Ent\vickclunjjs"escliichte dor Natter. ’ Kdni^^Hberfr, I83‘.t 

H. Kathkc, “Ueber die Eutwickelung dcr Schildkidteu,” Brauiischweig, 
1848. 

H. Rathke, “ Uiitcivsuchungeii Uber die Entwickclun^ uinl den Kdrpcibau der 
Crocodile,” Braunschweig, 18<ir>. 

L. Agassiz, “Embryology of the Turtle,” Contrilnitiona to the Xat. Ilutf,, 
etr. II., Boston, 18.‘)7. 
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Thus it happens that the central digestive canal, which at first has 
the form of a shallow groove, becomes converted into a tube which 
remains for some time connected with the yolk at the umbilicus by 
a narrow duct, , 

The appearance of a membrane enclosing the embryo and known 
as the amnion (fig. 635) is characteristic. The amnion arises in the 
following way. The outer layer (somatopleure) of the blastoderm is 
raised at the anterior and posterior end of the embryo, and forms 
two folds covering the head and tail end. These folds soon extend 

over the lateral por- 
tions, and fuse over 
the body of the em- 
bryo, so as to form 
a closed sac filled 
withfiuid. Another 
organ which is cha- 
racteristic of the 
higher vertebmtes 
is the allantois. This 
arises at the pos- 
terior end of the 
body as a vesicular 
o\'agination of the 
ventral wall of the 
alimentary cfinal, 
and grows out to 
a sac of considera- 
Heparate from one nixother ; only the first rudiments of the ble size. The Walls 
allantois are visible.— 6, Later stoiKC with closed amnion. J?, r x-l* L* L 

embryo; D, vitelline membrane; Aw, amnion; Sk^ Serous tJllS sac, Whicn. 
membrane; DA, aliinentaiy cavity ; Dy, umbilical passage ; Jg ^]]ed with fiuid 
r. Yolk; C, heart; A/, ullantoiR. , I 

are, unlike those of 

the amnion which is entirely without vessels, extraordinarily vascular 
and represent an embryonic ^respiratory organ, which in the long 
duration and complicated developmental processes of embryonic life 
is of gi'eat importance. The appetxrance of the allantois is correlated, 
not only with the disappearance of branchial respiration, but also 
with the complete absence of a metamorphosis; the 3 ^oung animal 
being completely organised when it leaves the egg. 

Some Snakes and Lizards expend far north, while the Crocodilia 
are confined to the ton id zone, and only ii^olated examples of the 
Chehnia belong to the torrid zone. 



Pio. 636.— Two BtHKOH ill the development of the chick (after v. 
Baer) to show the develoxxment of the amniou and the 
allantois.— < 1 , The two folds of the amnion are still widely 
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The Reptilia of the cold and temperate regions fall into a sort of 
winter sleep, and in the hot climates there is a summer sleep which 
comes to an end with the beginning of the rainy season. 

Most Eeptiles are veiy tenacious of life, and can exist a long time 
without food and with limited respiration, and ai’e capable, though 
in a less degree than the Amphibia^ of i*eproducing injured or lost 
parts of the body. 

The oldest fossil remains of Eeptiles belong to the Primary period, 
but appear only very sparingly in this period, being confined to the 
Kupferi^hiefer formation (^Proterosaurus Speneri), The Secondary 
period (Tiias and Jura) can show a far gi-eater variety of forms. At 
this time the Silurians and Hydrosaurians were predominant. The 
scaly Lizards first appear in the upper strata of the Jum, and are 
mo.st abundant in the Tertiaiy pei*iod, wliich also presents a few 
1‘emains of Snakes. Chelonia first appear — excepting the doubtful 
footprints of the Trias — in the Juiu. Land-Tortoises are first met 
with in the Tertiary formations. 


Sub-class l.^PLAOIOTEEMATA (LEPIDOSATTRIA). 

Reptiles with scales and dermal shields^ either apodal or provided 
with extremities, Thetj have a transverse anal slit and a double penis. 

Ordcj* 1. — OriiiniA* (Snakes). 

Apodal PUujiostremair without pectoral tjirdle ; with hifid protrnsi- 
hie tongue ; usuxilly with freely movahle, alvmys displaxeahle^ maxil- 
lary and pidatine hones ; without urinary bladder , 

The Snakes are chiefly characterized by the absence of exti’emities, 
and by the distensibility, sometimes extraordinary, of the mouth 
and pharynx. They cannot, however, be sharj)ly separated from the 
Lizards. Formerly the limitations of tl)is order rested entirely on 
the absence of extremities, and thus not only were the Catciliadm 
amongst the Amphihiuj but also the Blind worms and othei* genera 
of apcKlal Lizards, included in it. The Anqdiishmnklai also were 

* Gray, “ Catalujrue of Reiitiles in the collection of the British Museum.” 
Part III., Snakes. London, 1819. 

Gunther, “Catali)frue of Colubrine Snakes in the collection of the British 
Museum,” London, 18.58. 

Jan, “ Iconocraphie geinSrale des Ophidhms,” L'vi-, I, — XXVIT. l*an.y, 
18«0— 1868. 

Leuz, SchlaTisenkinide,” 2 Auflage, Gotha, 1870. 
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formerly regarded as Ophidia. Moreover, many Snakes have the 
rudiments of posterior extremities, which are placed at the root of 
the tail and have a conical claw projecting at the side of the anus. 
No Snake has a pectoral girdle or any trace of an anterior pair of 
exti’emities. 

In the skull of the Snakes (fig. 636) the temporal arcades are 
absent [i.e., the postfrontal is not directly connected with the squa- 
mosal, and there is no jugal or quadiuto-jugal connecting the maxilla 
witli the quadrate]. The ciunial cavity is very long. The anterior 
and middle parts of its lateral walls are formed by descending wing- 
like processes of the 
parietal and frontal 
bones. The maxilla is 
connected with the pa- 
lato-pterygoid amide by 
an os transversum, and 
these bones are so com- 
pletely movable upon 
one another and the 
cranium, that the mouth 
is capable of being con- 
siderably dilated and 
laterally extended. The 
quadrate bone is very 

m o V a b 1 y articulated 
Fio. 0:W.— Skull of AojtWmji. BasioccipitHl ; . , I 

Oi’l, L■^ occipital ; Hupraoccipital ; Pr, prootic ; P#, Wltll tlie SquaillOSal, 
Baai-splxuiioid ; Pj, squamoHal ; P, pariotal frontal ; wliicll is alsO movably 
Pf, post>f rental ; Prf, pravfroiital ; Et, median othnoid ; . ; 

N, nasal; quadrate; Pf , pteiygoid ; P/, j>alatiue; attached Oil tliC OCCipi- 
Mx, maxillary ; Jmx, iirso-inuxillary ; 7V, trauHverse ; P, remoil The twO 

tlentary ; Arf, articulai*e of the lower jaw. ® 

rami of the lower jaw 
are as movable as ai-o the pai'ts of tlie maxillo-palatine apparatus. 
They are connected at the symphysis by an elastic ligament, which 
permits of a considemble amount of lateiul movement. 

The armature of the jaws consists of a number of recurved pre- 
hensile teeth, which Jii*e arranged in a single inw on the lower jaw, 
and usually in a double row on the maxillo-palatine apparatus ; they 
cliiedy serve to hold the prey fast while it is being swallowed. 
Hooked teeth may also be present ’on the prtemaxillje (Python), 
Only in the Opoterodonta are the teeth confined to the upper jaw 
or to the lower ja\r. Besides these solid hooked teeth many snakes 
possess in the upper jaw grooved teeth, or hollow poison teeth, which 
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are traversed by a canal ; the canal is connected with ili<‘ duct of a 
poison gland, and through it the secretion of the latter is poured. 
Frequently the maxilla is much reduced, and contains on each 
side only one large perforated poison-tooth, near which, however, 
other larger and smaller supplementary teeth are always placed 
{Solenoglypha). ^ The grooved teeth are i*ai*ely more numerous, and 
are attached to the maxillaries either quite in front {Proteroglypha), 
or behind a row of liooked 
teeth {Ojnsthoglypha ) . I n botli 
cases the maxilla is larger than 
that of the Solenogl ypha. In 
th(' Aglyphodonta, liowever, 
wliere thero are no grooved 



teeth, the maxilla attains tJi<‘ 
greatest size aTid the ricJit'st 
dentition. While the grooved 
teeth ar(' immovably fixed, 
the tulailar poison teeth are 
eiwted, with the maxillaries 
to which they are attached, 
wdien tlie mouth is optaied, and 
are, when the snaki* strikes, 
driven into the flesli (^f the 
prey. Simultjineously the 
secretion of the poison gland, 
which is foi'ced out by the 
pressure caused by the con- 



traction of the 
muscles, is injected into the 
wound ; it is tlius mixed witli 
the blood, and quickly causes 
the death of the victim. 

TJie hard structures of tlie 
integument, which have the 


temporil FIO. 0H7. — llomlof Cal-opi'lfin Aviculnpii. », Dovsnl 
view, ft, ventral, r. Lateral view of head of 
Tropidovofn d viprnnmt (after E. Behroiher). it, 
Fn^nlal blmiU* ; ft, Bupra-eiliary BCiiteB; c, pos- 
terior nasal scute; il. anterior nasal Honte; 
e, parietal scute; f, rouLral scute; //, upi»er 
labial wutes ; h, nasal scute ; i, piworhitul 
seutOH ; k, lorc.il scute ; f, ])ostorbital ; m, t<jm- 
pural scutes ; chin seuLe ; lower labial 
scutes; q, mental scute; r, cer\'icul scutes; 
», cervical senli.'s; /, ventral scutes. 


fonn of scales, scutes, and 
splints, vary much in form, number, and ai-ningement. While 
the dorsal surface of the ti'unk is always covered with smooth or 


keeled scales; the head is covei*ed with scales as well as with 


scutes and plates, which, like those of the lazards, are distin- 
guished according to their special position as frontal, parietal, and 
occipital scutes ; also as rostral, nasal, tempoml, and labial scutes, etc. 
VOL. II. 14 
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(fig. 637). The mental iscutes — t.e., the scutes in the mental groove 
on the ventral surface between the rami of the lower jaw (fig. 637, q) 
— ^may be mentioned as peculiar to most snakes ; in front of these 
two accessory labial scutes on either side form with the median 
labial scute (o) the anterior boundary of the mental groove. The 
scutes on the abdomen are for the most part broad, and invest the 
trunk like transverse bands (fig. 637 h, t ) ; but scales and small 
median scutes may also be present here. The ventral surface of the 
tail, on the other hand, is, as a rule, covered by a double, or rarely 
by a single, row of scutes. Snakes moult several times in the course 
of the year ; they strip^ofT the whole of the epidermis on which the 
sculpture of the cutis is repeated. 

The internal organisjition corresponds with the requirements of 
the elongated form of the body, as well as with the mode of locomo- 
tion and nourishment. A long and extensible gullet with thin walls 
leads into the dilated saccular stomach, which is followed by a rela- 
tively short small intestine. The larynx is pbiced extraordinarily 
far forward, and can be projected into the mouth dining the long 
and difficult act of swallowing. The trachea is extremely long, and 
often contains respiratory air-cells in its course. The left lung is 
usually entirely rudimentary, while the right lung is correspondingly 
large, and is transfoi’ined at its posterior end into a vesicular air- 
reseiwoir. 

The auditory organ is without an apparatus for conducting sound, 
and the eyes have no movable lids. The eye-ball, with its usually 
vertical! pupil, is covered by the skin, which is her’o transparent, and 
behind which it is bathed by the lacrymal fluid. The nasal apei'tures 
are usually placed quite at the apex oi* on the lateral margins of thci 
snout. The foiked horny tongue serves not as an organ of taste, 
but as a tactile organ, Jind is enclosed in a sheath, from which it can 
be protruded through an indentation of the exti*emity of the snout, 
(wen when the mouth is closed. 

The Snakes move principally by means of lateral flexions of the 
vertebral column. The vertebrie are very numerous, and almost 
always bear ribs in the region of the trunk. The centra are concave 
in front and convex behind ; they iirc connected with one anothei* 
by free ball and socket joints, and by horizontal articular surfaces of 
the transverse processes in such a manner that dorso-ventral move- 
ments are impossible. The ribs are also freely articulated with the 
vertebral bodies, and can be moved backwards and forwards, move- 
ments which are of great use in assisting locomotion. The Snakes 
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run in a certain sense on the extreme points of their ribs, Which are 
attached to dermal scute» ; for they move by alternately pushing the 
ribs forward, and drawing after them the ventral scutes, which are 
attached to one another and to the ribs by muscles. 

The Snakes feed exclusively on living animals, both warm-blooded 
and cold-blooded, which they attack suddenly, kill and swallow whole 
without nnistication. Swallowing is effected thus : the teeth on the 
jaws are alternately hooked further and further forwards into the 
body of the pi*ey, as a result of which the mouth and pharynx of 
the snake are in a sense gradually drawn over the animal, whose 
surface is at the same time made slippery by the abundant secretion 
of the salivary glands. During this pi’ocess the larynx is pi*ojected 
forward between the rami of the jaws, so that respiration can be 
maintained. After the completion of this laborious opemtion of 
swallowing, the animal appeal's entirely pi*ostrated, and passes a 
long period in insictivity, during which the very slow but complete 
digestion takes place. 

Snakes copulate, and are for the most pari oviptirous. They lay 
a small number of large eggs, in which the embryonic development 
may be alimdy far advanced. There are, however, also viviparous 
Snakes ; for example, the sea-snakes {H fjdrophidm) and the vipers 
{Pelins berv^). 

Most of the species distinguished by size and beauty of colour 
belong to the warmer zones, only the smaller forms extend into 
northei'n temperate climates. Many Snakes ai*e foml of the water 
and are truly amphiliious. Others live for tlie most part on trees 
and shrubs, or on sandy ground ; others exclusively in the sea. In 
the temperate countries tiiey fall into a kind of wintei* sleep, in the 
hot countries they undergo a summer sleep in tlie dry season. 

Sub-oi*der 1. Opoterodonta. With nari'ow, non -distensible, slit- 
like mouth, and immovably connected hu;ial bones, without or with 
only a short tail. They have solid hooked teeth only in the upper 
jaw or in tlie lower jaw. Posterior limbs present as rudiments. 
They live beneath stones, or in pjissages in the eai'th, and feed on 
insects. 

Fam. Typhlopidae. Typhlops lumbficalix Merr. (fi^^ Antilles. T. rrr~ 
mie filar iff L., (rreece. Ste/iofit.tmia aigricanf Dum. Biln.. South Africa. 

Sub-order 2. Colubriforxnia. Both jaws amuMl with solid hooked 
teeth. In the upper jaw the last tooth may be grooved, and then 
may be either without poison glands, or may be connected with the 
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duct of a small poison gland. This sub-order includes the Agly- 
phodonta and the Opisthoglypha. 

Fam. VropeltidiB. With short pointed head, mouth not distensible, but with 
teeth in both jaws. Uropeltift phUippinm Cuv. 

Fam. Tortrieidas. With small hardly discernible head and short conical 
tail. The teeth arc hinall, and there are teeth on the palatine bones. They 
hav(‘ a rudiment of the jielvis with small anal claws. 

■ Torfrix arytale llmpr., South America ; Cylindrophin 

rvfa Gray, Java. 

Fam. PythonidSB. With long oval heads covered 
X with scutes or scales, with rudiments of hind limbs 
which terminate w'ith an anal claw at the sides of 
the cloaca. JtSryx yarnhist Wagl., South Kuropc ; 
lim e.omtr\cUir L., Brazil ; Pyih<*n rcticvlatm 
Schu., Sumatra. 

Fam. ColnbridsB. The head is not very broad, 
and is distinct ; it is covered with scutes. 'I’hc 
dentition is complete. "J’he tail has a double row 
of s(aitcs on the under surface. Coronrlln amtr)aoa 
.f, Laur.=6’'. Lac., wridely distributed in Europe \ 

lAoph'ix eohella ]j. Brazil; TropUlonotua natrisn 
(»C8U., Ringed snake. With obliquely keeled scutc's. 
‘pi The species is widely distributed in Kuropc. 2'r. 

trsM’lahfx Mcyr, ; Chluhrr Q(kx>tii<peltu') 

% — Gm.. the snake of AOsculapius, 

South Eurof)C, SchlangcTd)ad, Austria ; Zamvnh 
atrifvirenx Shaw, South Europe ; Herprtodi’yax 
carinatvx Ti.. Brazil. 

‘^} Fam. DendrophidsB. 'J’ree snakes. B(Kiy thin 

f; and slender, head usually long, flat and distinct 

fi’oin the neck. The ventral scutes usually w’ith 
two keels. Ventral caudal scutes in two rows, 
ri' Drndrophix plrta Gin., East Indies; AhfHvllu 

:f ifVMragdina Boit*, West Africa. 

Fam. DryophidflB. Body very long and slender, 
as is the hoa<l ; snout thin and sometimes prolonged 
into a flexible appendage. Dryophw argvni va Daud., 
Gaycime. 

Fam. PsammophidBB. Sand snakes. The po.sterior 
Fio. 038.-2>;>/i/c.pW««iftr/- prooved, Pmnnmpkh 

(rftgne animal). Jhindvf Hum. Bibr., Mexico ; larrrtina 

Wagl., Egypt. 

Fam. DipsadidaB. The Inidy tolerably slender, strongly eompressed ; w ith 
short tail, bixiad at the end. and very di.stinct. 'J’here are usuallj' posterior 
grooved teeth. D^pnax dvndrt>pM}-a Reinw'., East Indies ; />. faxviata PMsuli., 
West Africa. 

Fam. ScytalidSB. The hindmost tooth in the upjKjr jaw is the longest, and is 
grooved. i<eytaU coronatvm Hum. Bibr., Brazil. Oxyrhpv* phnnhmx Wied., 
South America. 

Sub-order 3. Proteroglypha. Poisonous snakes with large grooved 
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teeth, which are placed anteriorly hi the upper jaw, and behind 
which there ai‘e usually solid hooked teeth. The pilatine and 
pterygoid bones, as well as the lower jaw, are armed with hooked 
teeth. 

Fam. SlapidflB. Resemble the Golnhridtr. Head covei*ed with scales ; usually 
with two rows of sub*caudal scutes. Naja fripudianx Merr., the Cobra, 
Beiigpal; N. haje L. Cleopatm’s Snake. Eiiyypt ; Ei^tps eomU'mm L., the coral 
Snake, South America. (Fig. 639.) 

Fam. HydrophidaB, Sea-Snakiis. With scarcely distinct head which is covered 
with scutes, and compressed biidy which is prolonged into a strongly compressed 





Fig, 639.— comllinuB (rdgue animal). 


swimming-tail. 'I’hcy arc viviparous. Platuruit fa.si-latm Daud., Indian Oc^eaii 
HydrophU (^Pelamix) hitudvr Daud. (lig. 640), Indian Ocean. 

Suborder 4. Solenoglypha. Snakes with triangular head and 
relatively shoi*t tail. The small upper jaw has a hollow poison tooth 
on either side, and one or more i*eserve teeth. Small solid hooked 
teeth are also present on tlie palate and in the tinder jaw. 

Fam. ViperidsB (Vipers). Head strongly nuirked otl and brf)ad, without 
pits between the iiares and eyes. There arc usually t wo rows of scales on the 
under side of the short tail. I'ipcm Oitpi^ Merr. In woo<led mountain regions 
of South Kuro|)e. V. amnwdytes Dum. Bibr. The sand viper, with a soft 
homy prominence on the tip of the snout. Italy and Dalmatia. Pelhatt herm. 
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(Kreiizotter). Common Viper, distinguished by the black-brown zigzag band 
on the back. Found in the mountain forests of Europe. 

Fam. Crotalida. With a pit between the eyes and nose. OrotaVus dvrusus 
L., Rattlesnake of south-east of North America ; (7. horrUlm L. South America 
Bothropg ai/FOx L. Brazil. 




Fig. 040. -Rydrophu bicolor (regne Fm. Ml.—Pyffopm (Bipen) lepidopoi^ (regno 

aninuil). animal). 

Order 2. — Saurti * (Lacertilia) — Lizards. 

Plagiotrenm with pectoral girdU.e amd sternum, usually with tympanic 
cavity awl movable eyelids ; with a nont-exteifimhle mouth awl with 
wrinary hlmldei\ 

The Lizards always have an elongated and sometimes a snake-like 
body. As a rule there are four extremities, which, however, scarcely 

t “ Anatomic mid Naturgeschichtc der Drachen.” NUrnberg, 1811. 

J . E. Gray, “ Catalogue of the specimens of Lizards in the Collection of the 
British Museum.” London, 1846. 

Fr. lAjydig, “ Die in Deutschland lebenden Artcn der Saurier.” Tubingen, 1872. 
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carry tlie body raised fi*om the ground ; but in locomotion are used 
principally for pushing the body forward ; they may also be used for 
clinging (Chamielion), climbing (Geckos), and digging. They usually 
end -with five clawed digits. They are sometimes so shoi-t and i*udi- 
mentary, that they ha\e the appearance of stumps applied to the 
serpent-like body, am I are without septirated digits (Cha'nmsaura). 
In other crises rudiments of the posterior limbs alone {I ^aemlopm) 

(fig. 641), or anterior limbs only are present (Chirotea) ; or finally 
external limbs may bo entirely absent (Anguia, Acontiaa, Ophi- 
aaurm). The pectonil and pelvic^ gii'dles ai*e however present, and 
in all Lizards except Amphhhtr.na there is at least a. rudiment of 
the sternum, which increases in size as the antej*ior limbs become 
more developed, and then serves tor the attachment of a correspond- 
ingly greater number of ribs. The i*ibs are only wanting on the 
most ant(u*ior cervical vertebiw, and sometimes on some of the 
lumbar as w ell as on the caudsd vertebrai. The anterior ribs present 
a peculiar modification in Drtvco, being oxti*emely long and serving 
to support lateral expansions of the skin, which (yin be used as wings. 

The cranial capsule (fig. 631) does not usually extend into the 
orbital region, behind whicdi it is im})erfectly closed by membranous 
structures (membranous intn'orbital ae 2 >tnnt). The squamosal is 
firmly attached to a strongly projecting process 2 »' 0 ceaa) of 

the posterior temporal region. The hinder end of the maxilla is 
frequently (connected witli the postfrontral (Pf) by a bony bridge, the 
jugal (tig. 6.31 J), which encloses the orbit; while a bone (quadiiito- 
jugal) passes from the jugal to the quadrate, bridging over the 
temporal region. 

An important charjicter of the Lizards as opposed to the Snsikes 
consists in the fact that the bones of the jaws are not movable upon 
one another. Parts of the maxillo-palatine apparatus are indeed 
movably c(mnected with the skull (IJatUria — Sj)henodon excepted), 
especially the pterygends, which are applied to the articular prexjesses 
of the bfisisphetioid, and usually articulate witli the quadrate; but 
the individual bones of the maxillo-palatine jq)parjitus are firmly 
connected with one another, and with the anterior part of the skull. 
The pterygoids are firmly attached to the maxillaries by a transverse 
bone, and serve to support the parietal bon(*s by a rod-shaped 
columella [a bone which extends from the parietal to the pterygoid 
on each side]. On the top of the skull the parh^tal bones and the 
occipital segment are connected by fibi^ous tissue, and in consequence 
are slightly movable upon one another. The quadrate bone is 
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movably articulated with the parotic process of the temporal region 
and supports the lower jaw, the rami of which are firmly connected 
at the symphysis. 

The dentition of the Lizards in form, structure and mode of 
fixture of the teeth, presents far greater divei*sity than does that of 
the Snakes ; it is however not so complete since the palate has never 
an inner row of teeth, but only small lateral groups on the pterygoids. 
The teeth are almost always attached directly to the bone, either on 
the edge of the jaw [Acrodont), or on the inner side of the jaw 
( Pletirodont), This distinction cori*esponds to the geographical dis- 
tribution of the lyttauf-Uf, those found in the eastern hemispliere being 
Acrodonts, and those in the western Pleurodonts. The shape of 
the tongue seems important, and the principal groups are distin- 
guished and named according to this characteristic. 

Most Lizards have eyelids, an exposed tympanic membrane and a 
tympanic cavity. Only the Amphishamas and (/eckos are without 
eyelids, and hav'e the same ariungement for covering the eyes as have 
the Snakes. In the Scincoidem the lower eyelid can be raised like a 
transparent curbiin without hindering tlio sight. In the (Vtmmlion- 
him the single eyelid is a muscular cutaneous ring of skin with 
(drcular opening. 

The integument of Lizards resembles in its general features that 
of Snakes, but presents much greater variety. Sometimes thoi*e are 
fiat or keeled scales, sometimes scutes and larger plates, for the distri- 
bution of whi(di on the head the terminology alrejuly described for 
Snakes is used. In ad<lition, more irregular hardenings of the 
skin may occur — wai’ty pi-otubemiices whicli give the skin an appear- 
ance similar to that of the Toads (Geckonhhr). On the other hand 
there an^ often (uitaneous lobes on the throat, crests on the back and 
on the top of the head, also folds of skin on the sides of the trunk, on 
the neck, etc. Although the skin of Lizards is in general poor in 
glands, yet in many forms cutaneous glands and corresponding i-ows 
of pores along the inner side of the thigh (fig. 634, /^^P) and in front 
of the anus are constantly present. 

As a rule, the females after copulation (which in temperate I'egions 
takes place in summer) lay a small number of eggs ; some genera 
are viviparous (^Angitis, Sepx), Most are harmless, and are useful 
by destroying Insects and Worms ; larger species, as the lyuaiiaj are 
hunted for the sake of their flesh. By far the greater number, and 
all the larger and more beautifully coloured species inhabit the 
warmer and hot countriee. 
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Fossil remains of Liz^mls have been foiinil in great numbers, the 
oldest from the uppermost strata of the Jiiiu. The Lizards of the 
chalk {Moaasaurm^ etc.), wliich are most netirly related to the Moni- 
tors, were of gigantic size. 

Sub-order 1. Annulata. Body sn^ike-like, with hard scjaleless 
skin, which is divided into rings by tmnsverse 
furrows (tig. 642). These rings are again crossed 
by longitudinal furrows in such a wav that the 
surfju'e has an elegantly plated, mosaic-like ap- 
pearance. There aro large scutes only on the 
lieiid and throat. Thei e is no sternum, and the 
pectonil girdle, except in Chlrotea, remains very 
rudimentary. 

Budimonts of a pelvis are in all cases present. 

As a rule extremities are wanting, but small 
front feet {Chirotea) may be present. Eye-lids 
and tympanic membiano are absent ; the small 
eyes are covered by the integument. A tHilumella 
is also absent. The tongue is short ami thick, 
without sheath, and the dentition, as in the 
scaly Lizards, is eitliei* acrodont or plenrodont. 

They are harmless animals, and live for the 
most part in Americfi, like the (Jceciliadoi^ 
beneatli the ground, usually in ant-hills, and 
feed on Insects and Worms. 

Kail). Amphisbaenidae. Ainjfhuhwtut alha L., Ibazil ; 

A. fulitjiiwxa b.. South Aiuerit^a it42). /’hirntrn 
lumhricflidt'K Klein. Mexico. 

Sub-order 2. Vermilinguia. Lizards of the 
Old World, with veimifoim tongue, which can 
be protruded with great rapidity to a great 
distsmee, and deep latei'ally compress^ Ijody, 
which is covei’ed with a shagi’een-like skin. The fui.giuom (r^gno ani- 
structure of the skull differs considerably from 
that of the other Lizards, in that the jmriebLi bon(\s are not mov- 
able on the occipit^il, but are lirmly united to the latter and to the 
occijiital crest, whi(;h is continued over the parietiil.^'. 

Fain. ChamaBleonidaa. The feet arc prehensile, and eiitl with live rligits, vvliieh 
are arranged in bundles of two and three. The digits of * :u h bundle are (ron- 

iiected together as far as the claws, and the two bundles woj‘k on one another 

like the arms of a pair of pincers. The ]on«g and slender tail is prehensile, 
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coiling round twigs and branches to attach the animal. They are all acrodofit. 
The tympanic membrane is hidden, being covered by the integument. The 
Chamicleons possess the remarkable power of changing the colour of their skin ;* 
the change is dependent on the light-stimulus of surrounding objects, and is 
subordinated to the will of the animal, lleceiit researches, especially those 
of Briicke,* luive contributed to the explanation of this phenomenon. Two 
different layers of ])igment are placed beneath the thin epidermis — ^a superficial 
layer of clear, yellow pigment, and a deeper layer of dark-brown to black, the 
mutual extension and position of which varies. Chamwlvoti vulgarh Cuv,, 
South Spain and Africa. 

Sub-order 3. Crassilingoia. With thick and short fleshy tongue, 
which is hardly indented at the point ; as a rule it is rather rounded, 
and cannot be protruded. Eyelids are 
usually present. The tympanic membrane 
is usually exposed. In all cases there are 
four liinl)s, with digits directed forwards. 
TJioy live exclusively in the hotter regions 
of the Old and New Worlds. The eastern 
and western hemispheres contain types 
surprisingly alik(‘, which, however (with 
the exception of the Geckos) can be 
sharply distinguislied by their demtition ; 
all those fouml in America are pleurodont, 
those of the Old Worlil are acrodont. 

Fam. Ascalabotee. Creckos. Lizaitls of clumsy 
Salumaiidcr-likc form, and of Small size ; with 
viscous lobes on th(^ digits for attachment, and 
with biconc,avc vertebra). Thi‘y are all pleuro- 
doiit, and without palatal teeth. 'I’hey are shy, 
Fkj. 6-1(3.— wiffwn- n(K*turiial aiiiluals, and their eyes are large and 
without lid^. They elinib and run very skilfully 
on smooth and stee]> walls, witli the help of their retractile claws and the 
lobes on their digits. They live bu- tin* most part in h(>t countries; only a 
few arc found in South Europe. They are liarmless, but are erroneously con- 
sidered as poisonous on account of the acri<l fluid of their clinging digits. At 
night they make a loud cry, sounding like the word “ Gecko.’’ Platydactylm 
mavnfanirus Ji. (tig. (543); PI. vinraHs Dum. Bibr. Mediterranean (roasts; 
llnniductyhtH rrrrttmlfttint Guv. Meditcrraiu'au coasts ; Pfyrhozott homaloce- 
phnlum Kuhl., Java. 

Fam IguanidSB. Leguaiia. The body, which is somewhat Laterally compr(;sscd, 
is supported by long slender legs, which are pre-eminently jidapted for climbing. 
The head is mori; or less pyramidal, and often raised like a helmet, and of a 
peculiar shape, in consequence of the possession of a membranous jugular sac» 

* E. Brileke, “ Untcrsuchuiigcii fiber den Farbenweclisel des afrikanischen 
Chamaeleons,” Dvnl'xrhr. dvr It. Ahad. der WixHcnsch ll'icw, 1852. 
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Tympanic membrane usually exposed. Many of them have a spiny dorsal 
crest, and change their colour like the Ohammleons. 

The following Iguanas belong hi the western hemisphei^, and are pleurodont ; 
Polychrng viarmoratutt Cuv., Bmzil ; lyuana tuhereulata JjBXkX,^sapyl‘mhna 
Merr., West Indies: /.rf^*Ii6*«^w«/»mLaur., tropical America; Cyclura rarinata 
Gray. Cuba ; Bcutilhcua mUmtu-x Daud., South America. 

The following belong to the eastern hemisphere, and arc acrodont : Calutes 
ophiomarhus Merr., East Indies; Drafio ro/aiix L.,.Tava; Ltphium amhmnt'mix 
Schloss. 

The New Zealand genus, Hattrria — SpJwjioflou^ which was formerly reckoned 
among the lyiianidtv^ shows such considerable differences in its organization 
that (flint her established for it a 'third onler of scaly Reptiles under the name 
of Bhynchocephalia,* which Huxley holds to be allied to the extinct Triassic 
Laeertilian genera Ilyprrodapvtlon and JihyHchaxtmrm. 

Kam. HumivagSB. Lizards with broad flat body, supported by shorter limbs ; 
of almost, toad-like asjx'ct. Tlie skin is »iot uiifrcquently covered with spiny 
scalps. Tluy live on the ground in stony and sandy places, where they hide 
themselves in j)iis and holes. 

To the llmnimyoi of America, which an* all pleurodont. bidong Ph rynoxoina 
itrhirtflttrr Wiegm.. Taixiyaxin. Mexico ; Tvophlurnx ryrlvnis Wied., Hrazil. 



Fi(». Olt . — Srhietts iiiiiimil). 

To the //ttitna/yrr of East Iinlia ami Africa, which are aei’(Klonl. an<l j)OSS(!.ss 
canine teeth, belong PhryH(*rtphalus hrlioxropm Kp., Sibena : Ifromasti.r 
xphiiprx Men'., Ivgypt : Aynma colon ornm. Daud.. Egypt : Strilio rulyarh Latr., 
Hardun, Eg.vjh. 

Siili-ordov 4. Brevilinguia. Scaly Lizards, with elongated, often 
siiake-likc body. The limits are very diversely developed. The 
tongue is short and thick, without sheath, more or less indented at 
the thinner anterior end, and hut slightly pr(»trusihle. Eyelids are, 
as a i‘ule, piesent. The tyiin)anic nieinbrane is often concealed 
beneath the ."kin. 

Fain, ScincoidesB. fcjand-Lizai'df. The more or lcs^ snaki'-likc body is covered 
with smooth bony scales. The crown of tin*, bead is inve.-^ted with larger scutes. 
Anyvix frayilu lu. Jflindworm. Europe; Schicus offirinolh Laur. (flg. 044) 
Egypt ; Stptf cltalddica Merr.. Dalmatia; Aeontias waltayrix Cuv., Cape. 

* A. (fUiither, Contribution of the Anatomy of JIattcria (^Uhynohoce- 
^tfx) Gniy.*’ Phil. Tranx. Hoy. Soo., London, vol. 157. ii., 1.S07. 
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Fam. PtyohoplenrflB. The body is provided with two lateral folds of skin, 
covered with small scales. These folds extend from the region of the ear to 
near the anus, and form the boundary between the dorsal and ventral surfaces. 
ZonurttH (Jordylms Men*. = yrUt na Cuv., South Africa ; Pseudopua Pallaitii^ 
Cuv., South-east Ruropc, and in lower Austria ; Pytjopm (^Bipes) lepidopm 
Lacep., New Holland (fig. 641) ; Chamcenavra anyuina Schn., Cape ; OphUawrm 
ventralu Daud., North America. 

Sub -order 5. Fissilinguia. Phurodonta, with long and thin, pro- 
triisible bifid tongue, usually with complete eyelids, and always with 
exposed tympanic membrane. The scales of the trunk are small and 
imbricated, those of the long tail mostly lozenge-shaped. 

Fam. LaoertidsD. Mostly brightly coloured, very agile Tdzards, with long 
tail and head covered with scutes. The ventral surface is covered with usually 
rliomboidal scales, arranged in oblique rows. Latu‘rta r/icipara L., Germany 
and South Kui’oi)e, viviparous ; X. oedlata D.aud. ; L. viridU, green with 
black spots in front, Dalmatia ; L. agiliit L. -- atirphun Daud., common 
Lizard ; L. muraUs Mcrr., South Europe ; Ihdodrrnialuirridum Wiegm., Mexico. 

I^'am. AmeividsB. Lizards of the New World whose head is covered witli 
*<cutes, as in the Laoi rtAdfr^ while the abdomen is covered with rliomboidal 
scutes, arranged in transverse rows, Tejm motdtor Merr. — T. Tvjuvxm L., 
brazil, live in holes in the earth and in hollow trunks of trees. Feed on Mice, 
Insects, and Worms, and arc, including the long tail, four or five feet long. 
Thi‘y are hunted and eaten. Ainriva vuJyarin Licht., West Indies. 

Fam. MonitoridsB. Elongated Lizards of large siz(‘, without femoral pores. 
'J’he crown of the head, the back and the abdomen, are covered with small 
])late-like scales. The separation of the ventri^’lcs of the heart is the most 
complete in t lie whole order. PaammomuruH sr}neu^ Merr. = Varanva amuiHvs 
Uum. llibr., Egypt ; the Land Fnwodilc of Herodotus ; Monitor a<7o^ic?«js Hassl., 
eats th(i eggs of the < h’oeodilc. 

The Froterosauria and Thecodontia are fossil groups of Saurian?. 
The former represent the oldest Lizaids, and arc distinguished by the 
]>ossession of biconcave vertebral bodies and liilid spinous processes, 
'.rhey are found in tlic Kupfei*schiefer. The Thecodontia, also with 
biconcave vertebiie, possessed compressed teetli wedged into alveoli, 
with their crowns covered with finely serrated stria* ; they belonged 
to the Triassii! jieiiod. 

The fossil Dinosauria must he mentioned as a special ordei* of 
Reptiles. These wei*e the colossal terrestrial inhabitants of the Jura, 
Weald, and lower clialk ; in several features of their structure they 
recall Mammals, espeidally the Pachydermata. 

Otlier orders of fossil Saurians, as the Ornithoscelida, present 
modifications which point in various ways to the oi’ganisation of 
binls. Characterised by the praeacetabular extension of the ilium 
and the downward direction of the elongated pubis and ischium, they 
possessed, at least in the group which includes tlie Jurassic genus 
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Comjmtgtmthn^, very lon^ cer viral vertebra, an almost bii'd-like bead, 
a very long neck, short anterioi- and very long posterior ribs. Tlu^ 
astragalus is fused with the long tibia, as in biixls. 

The Pterosauria or Pterodactyls, which likewise lived princi])ally 
in the Jurassic period, were flying Samians. The external finger oF 
the hand was elongated in the form of a Siibre, and of considerable 
sti’ength (tig. 118); it jrrobably supported an expansion of the 
integument, which enabled the animal t-c) float along in the air, or 
even to fl}'. 

Rham2ihorhifii.chus (remmhigii 11. v. M., lithographic slate. 
Pterodoctylifs hitgirosfrts (hiv., Jura. 

Sub-class — Hy1)RO>SAURIA.*^ 

Aquatic Rrittib^^ of consulerahh size, with teeth wedged into the 
jaws, and leathery or armoured, skin, with swimming fins or jwwerfinf 
feet, the digits of which are connected hy wehs. 

The Hydrosauiians, represented at the 2 >rosent time by the Croco- 
diles, are characteristul by their usually gigantic size, by an organi- 
sation corresponding to their aquatic liabits, and l)y their high 
de\'elof)ment. 

Tlie numerous fossil forms wert* exclusively inhabitants of the sea, 
and had sM’imming tins resembling those of Whales ; the i>ones of 
the arm were short, the carpal bones .and the jdia hinges were numer- 
ous, and the digits were* connected. '^Fhe vertebnil column, which 
was movable in its individual regions, and still comjiosed of broad 
am]jhic(clous vertebra*, was jirolonged into a tail of considerabhi size, 
which was ]»robably surrounded by a membranous tin. At a higher 
gmde of de>'elopinent the vertebral cxdunin consists of opisthoco'lous 
rejitilian vertebra*, and ends with a swimming-tail, suirounded by 
a cutaneous fold. The extremities be<*ome more and more like 
feet, and the distinctly separated digits are still webbed. Such 
forms no longer inhabit the high sea, but are found on the coast 
in lagoons, and neai- the mouths of riv(*i s. They go up on to the 
land, and move quickly upon it, but they ai c un.ible to turn quickly 
and easily. 

The dentition shows that the llydrosaurimts are [lowerful jireda- 

* R. Owen, ‘‘ Palaeontology. '* London, IHfiO. 

Huxley, ‘‘ Onlliederinal aniiour of Jacarc and Caiman, t if*.'" Jmmi, Prorcnl. 
Lisv. Soc., vol. iv.. 1S(»0. 

Hathkc, “ Unt(jrsuchiingen iiber die Hntwic'kelung und den Kdi'iierban dei- 
(’rt»codile.’' Pmunschweig, 1806. 
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tory animals. Tlie flat head is 
prolonged into a long snout; the 
long jaws are armed with sharp 
conical prehensile teeth, which are 
wedged into deep alveoli ; the crowns 
of the teeth are sometimes smooth, 
sometimes striated or superficially 
folded, and are gradually replaced 
by succeeding supplementary teeth. 
Ribs are present in great numbers, 
not only in the very long thoracic 
region, but also in the cervical and 
abdominal regions. 

In the Crocodiles there is, in the 
abdominal region, a narrow sternum 
fibdomvnale, which is prolonged to 
the pelvic girdle, and bears on its 
sides, a number of abdominal ribs, 
the upper ends of which do not 
reach the vortebrjil column (fig. 645). 
The internal organisation probably 
presented different grades of per- 
fection in the various groups, of 
which only the highest — viz., that 
ft)und in living Crocodiles — can be 
known to us. 

Order 1. — Enaliosauria. 

If j/drosanfria until naked leathery 
skviif biconcave veriehroi and swim- 
ming fins (conJiTied to the secondary 
period). 

The remains of these gigantic in- 
habitants of the sea, which lived 
through the secondary peiiod from 
its beginning to its end, show that 
they were the most powerful marine 
animals of that time. They were 
of extreme length, and possessed a 
usually elongated, flat snout with 
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numerous conical prehensile teeth, a very long mobile trunk, and 
hn-like extremities as in the Whales. 

Fam. Vothosanrii {Sauroptcrytjii (hven). With elongated bones of the 
u])i)cr jaw which reach to the point of the lon^ snout ; without supenor terai>oral 
bones ; with simple conical teeth. Belong to the Tiias. XotUomurvn mirahiU* 
Miinst. ; Shnomn^'vs H. v. M., and othciu 

Fam. PlesioBBurii (^SituroptrrygU Owen). With long snake-like neck, short 
head and tail, and elongated swimming fins. 'J'hey lived in the Jui*a and the 
chalk. Pica iomti nut Con^^b. 

Fam. IchthyoBanrii (^Ichthyoptenjgii Owen). With very short neck, thick 
elongated body, short swimming tins, and long tail pi*obably surrounded l)y a fin. 
The snout, pointed and elongated like a beak, is principally form*'.d by the 
praimaxillary bones. The tL-etli present a striated and folded siii’face, and are 
closely crowded together. 'J’hey are found principally in the Jura, rarely in 
the chalk. JehthyosauvHn rininnnnu Dc la Beebe, etc. 


Order 2. — Cbocobiua (Lorioata). 

II gd nmLuri(t.f with bony dermd plates and teeth wedged into the 
hones 0/ the jaws, to which they are, confined; with f oar partly clawed 
feet and long, heeled swl raining taiL 

The extremities no longer have the foi’m of swimming tins, but of 
freely articulated legs and feet with se]Hirated digits. The integu- 
ment is granulai* and leatliery, and (rontains, especially on th(‘ dorsal 
surface, large and in part keeled, osseous plates. On tlie tail tliese 
plates form a den ta ted crest, paired in front, but in its hindei* pai*t 
simple. 

The broad flat skull is distinguished by the corroded appear- 
ance of the surface of the bones, and possesses sejiarated alisplionoids, 
and above the maxillo-jugal ai*cade a siipi*a-tenipora.l arcjule, whieli 
is separated from the orbit by a bony bridge (process of the post- 
frontal and jugal). The roof of the skull is foianed by an iinpiired 
parietal and frontal, to which are joined the paired nasiil bones. The 
upper jaws are firmly united with the skull and are elongated so as 
to form a long snout, at the end of which the paired prjemaxillary 
bones are wedged in. Tlie sides of the snout aie formed by the 
maxillary bones which are very large. The praunaxillaries, which 
bound the nasiil apertures, and the ma.xillaries ilevelop horizontal 
palatal plates, which meet in tlie middle line and ibrni the anterior 
part of the hard palate. The lacrynial is always of <*onsiderable 
size. Behind, the palatine and jiterygoid develop jiahital plates which 
unite suturally in the median line, and constitute a completely dosed 
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roof for the buccul cavity. The posterior iiares which are surrounded 
by the paired vomers open at the posterior margin of the buccal 
cavity. The conical teeth, which are completely contined to the 
bones of the jaws [prsemaxilhe, maxillae, and mandible], are deeply 
wedged into alveoli, and they present slightly compi'essed striated 
crowns. The fourth tooth of the mandible is usually distinguished 
by its grejit size as a preliensile tooth, and, when the jaws are shut, 
fits into a gap or an excavation in the upper jaw. In the Ttha- 
sauria the vertebrse are amphiccelous ; in the Stemoaauria, which are 
also extinct, they are opisthoecelous, mid in the Crocodiles of the pre- 
sent day proc(elous. 

The internal organisation of the living Crocodiles is the highest 
amongst all Reptiles. The eyes have vertical pupils and two lids as 
well as a nictitating membrane. The nasal openings lie fai* forward 
on the point of the snout, and, as well as the ears which are placed 
far back, can be closed by cutaneous valves. I'he buccal cavity, to 
the floor of which is attached a flat non -protractile tongue, is without 
salivary glands, and leads by a wide oesophagus into the rounded 
muscular stomach, which resembles that of Birds in form and struc- 
ture, and specially in the aponeurotii* discs of its internal lining. 
The stomach is followed by a thin-walled duodenum, which is beset 
with papillai, and passes into the small intestine, which is folded in 
a zigzag fashion. Thci*e is no cajcal appendage to the short widt^ 
large intestine. Tlu^ latter becomes narrow and almost funnel- 
shaped, before it opens into tlie cloacji, from the anterior wall of 
which arises the erectile copulatory organ. The structure of the 
heart is the most perfec?t found in all Reptiles, and, in the com- 
plete separation of a right vtmous and a left ai-terial portion, affords 
a direct transition to that of the warm-blooded animals. Finally, 
the free communication of the body caA'ity by openings of the 
so-called peritoneal canals, which recall the abdominal pores of the 
Ganoids and Selachians, deserves to be mentioned as peculiaiities of 
the Crocodilia. 

Three gi’oups of CJrot^odiles ai*e to be distinguished ; two of these 
the TehoHcmria {^Aiujthiccelia) and Steneosaurici {P'pisthoccdia) are 
extinct. The former with the genera ALystriosaurm Kp. and Teleo- 
Himrm G^offr. are confinetl to the Jui-assic formation, the latter with 
Steneosaum^ Geoffr. Cetiosauriis Owen, etc., occur in the Jura and 
in the chalk. Onl\' the third gi-oup of the Crocodiles or Procoelia 
has persisted from the chalk onwai*ds through the teitiary j)ei'iod to 
our own time. 
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Sub-order ProcoBlia==Crooodilia, s.str. 

With procoelous vertebne and long compressed swimming tail, the 
dorsal side of which bears a double cutaneous crest, which becomes 
single at the posterior end. The anterior feet with five free digits ; 
the posterior with four digits, which ai*e more or less united by 
webs. Live in the mouths and lagoons of great rivers in the warmer 
climates of the Old and New Worlds, and seek their prey by night. 
The hard-shelled eggs are laid in the siuid and in holes on the banks. 

Fam. CrocodilidsB. The so-called canine teeth (fourth tooth of the lower 
jaw) fit into a notch of the jnarj 2 rin of the upper jaw. fliiul feet with com- 
pletfi swimininj; ineiiibranc. Crocotliluit vulparix Cuv., Nile. (\ rhomWjfvr 
Cuv., Cuba. 

Kam. AlligatoridsB. The snout, is broad and without notch for the so-called 
canines of the niandil»l(‘. Swinaninjr membranes only partially developed or 
rudijuentary. [P\)uiid only in America.] Alligator lucim (Juv. ; Caiman 
(Jacarv) xchropx Schn. 

Fani. OavialidflB. Ilhaviphontoma gangrtuiim Gcoffr., East Indies ; Rliyach^ 
oxurhm SfhlrgHil ( 7 ray, Australia. 

Sub-class 3. — Cublonia.'^ 

litptilia of shortf stout form of body, xoith an xbpp&r and hwer 
osseom sh held which cotters the dorsal and ventral surfaces. There are 
four feet, ami the jaws are xvithmU teeth. 

No other group of Reptiles is so (dearly defined and cluinicterised 
to the same extent by {)eculiarities of form and orgjinisation as is 
that of the Chelonia. ITie investment of the body by an upper, 
more or less arched and usimlly osseous dorstil shield (campace), and 
by a lower ventral shield (^ 2 ^lastrov), joined to the former by laiortil 
arches, forms a character as distinctive of the Chelonia as is the 
posses.^ion of ings and feathers of the (dass Aves. 

The shield-like, dermal armour (tig. 04b) f>eneath which the lujad 
extremities and tail can often be retracted, owes its origin partly to 
osseous parts of the veitelu^il (?olumn and partly to the accessory der- 
mal bones, whicdi are intimately connecd>efl witli the former. The 
flat plastron eontsiins nine more or less dovelo])» d os.se()us pieces, an 
anterior unpaired interclavicular, and four pair.s of lateral pieces (the 
anterior being distinguished as clavicularia) between which there 

* H. llathko, “ Ueber die Entwickcduiij' dor Seliiliik rdieu,” jlraunscliwci^S 
1848. 

Gray, Catalogue* of the Shield R(*ptilcs in the Colh etion of the British 
Musimni, Part 1., London 1850, Huppl., 1870, Ap])cnd., 1872. 

L. Agassiz, “ Embryology of the Turtle.” Natural Jlislory e)f the United 
states, vol. IIJ., part 111., 1857. 
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may be left a median space, closed by skin or cartilage (Trvmyxy 
Chehnidy etc.). The spinous processes and ribs of the thoracic vertebrae 
take part in the formation of the large carapace, as well as a number 
of paired and unpaired osseous dermal plates, which are placed partly 



Fig. «>i6. --Skeleton of Chtudo {JEmtfH) mro^taea. f", vertebral (neural) platea; C, costa 
plates ; itf, marginal plates ; Hn, nuclial plate ; Py, pygal plate ; B, plastron (ventral 
shield); CZ, clavicle; J^cZ, inter-clavicle; A>, scapula; C’o, coracoid; Pco, acromial 
process (pro-comcoid); P/;, pubis; J», ischium; <//, ilium; i/, humerus ; P, radius; 
rr, ulna ; Pfe, femur ; P, tibia ; P, fibula. 

in the median line in the neck {7iuclial 2 )l(Ue)y and in the sacral region 
(pyged j>late)y and partly laterjilly at the edge of the shield (22 mar- 
ginal plates). 

While the spinous processes of eight of tlie thoracic vertebra) (2nd 
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to 9tli) appear in the median line as hoiizontal plates \new‘ctl 
plaie8\ the ribs of the same vertebrae (2nd to 9th, these ribs are dis- 
tinguished fi*om the first and last ribs by their greater length) are 
transformed into broad transverse plates \co8tal plate8\ which are 
joined with one another by indented sutures, and present the special 
peculiarity of giving off broad processes, which ai*ch over the muscles 
of the back, and are connectcjd with the neui-al plates (expanded 
spinous proc^esses). In addition, larger plates, which owe their 
origin to cornifications of the epidermis, are usually present. They 
ai’e applied to the outer suiface of both the dorsal and ventral shields 
and are used, in the case of some of the larger species, as tortoise- 
shell. They by lu) means correspond with the subjjicent bony pieces, 
but ai*e very regulai'ly arrangcNl in such a manner, that in the dorsal 
shield a median ami two lateral rows of plates can be distinguished, 
and round the perij)hery a circle of marginal plates. On the ventiul 
surface, on the other hand, thew^ is a double row of such plates. 

Unlike the middle (thoracic) region of the vei’tebral column, the 
vertebrae of which are firiiily <*onntK'ted with tlu^ dorsal shield, the 
cervical and caudal \ oi*tebra* ai’o always movable uj)on one another. 
The cervical region is exceedingly fiexihle, and can he more or less 
completely I’oti’jicted within the shell ; it eoiisists of eight long ver- 
tehiw, which are without ribs. The ten rib-hearing vertebra* ai-e 
followed by two oi* tlirf*e sacral vertebra*, wliicb project benejith the 
carapace, and by a considemble numluu* of vt*ry movable (*undal 
veHebroB. 

The head is toleiubly arched: the l>oiies of Uie skull are firmly 
united to one another by sutures, and form a broad roof, wliich is 
prolonged into a. strongly tleveloped oei*ipit.al e.resi. Tlie skull is 
chai-act(*rised by the possession of a paii* of parietal hones and of 
large anterior frontjils. Des(;onding laniellar ])rocesses of tlio parietal 
bones extend along t he sides of the cai’tilagi nous cranial capsule as far 
as the short hasispiienoid. The tempoml fossa is most comjdetely 
roofed in in tlie marine (■helmim by hj’oad nssooiis plates which are 
formed by the ])ostfrontJil, jugal, (juadrato-jugjil, and the scjuainosal. 
The opisthotic i-emains as an independent lK>ni* heliind the prootic, 
which forms the lateral walls of the ci’anial cavity. All the parts of 
the maxillo-palatine apparatus jis well as the (piHdmte ai-e firmly 
connected with the bones of the skull, and are marked off from one 
another by serrated sutures. The hicial parts of the skull are 
strikingly short, and the nasal bones are absent. The bony palate 
is formed by the broad jwilatine and the unpaired vomei*, behind the 
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palatine plates of which the posterior nares open. The pterygoids 
are very broad and lamellar. Teeth are completely absent, both on 
the palatal bones and on the high, relatively short bones of the jaws, 
but the edges of the latter are covered, like the beak of a bird, by 
sharp cutting, serrated horny plates, which enable certain specie^ 
to bite with great vigour and to inflict sensible wounds. 

The four limbs enable the Chdonia to creep and run on land : in 
the aquatic forms, however, they are swimming feet or fins. The 
position of the pectoral and pelvic girdles, and of the corresponding 
muscles, between the dorsal and ventral shields, is remarkable ; but is 
fully explained developmentally by the growth of the anterior and 
posterior ribs. The scapula is formed of an ascending rod-like bone, 
the upper end of which is attached to the transverse process of the 
anterior thoracic vertebra by a ligamentous or cartilaginous connec- 
tion. A strong acromial process (proconicoid) reaches from the 
scapula to the unpaired portion of the ventral shield, to which it is 
likewise attiiched by a ligamentous or cartilaginous connection. The 
pelvis closely resembles that of the Saurians, and except in the Land 
Tortoises is not firmly connected with the campace. 

In the organs of digestion and repi*oduction Chelonians partly 
resemble Crocodiles and partly Birds. They especially resemble the 
formei- in the sti-ucture of the male generative organs, and in the 
possession of peritoneal canals, which ai'e, however, closed. The 
opening of the genital ducts and the ureters into the neck of the 
urinary bladder, which accordingly functions as a urogenital sinus, 
is worthy of i*emaik. The eyes are placed in closed orbits, and have 
lids and a nicticating membrane. There is always a tympanic 
cavity with a wide Eustachian tube, a long columella and a tym- 
panic membrane, which is visible externally. The tongue is attached 
to the floor of tlie buccal cavity, and is not protrusible ; in the Land 
Tortoises it is beset with long papillae. 

The copulation lasts a day, and during that time the male is 
carried on the back of the female. The eggs are laid in small 
number, except in the marine Chelonia, in which they are more 
numercms. They contain within the shell a layei* of albumen, sur- 
rounding the yolk, and are buried in the earth, in the aquatic 
Chelonians near the shore. According to Agassiz the North American 
Marsh Tortoisps lay eggs only once in tlie year, while they copulate 
twice (in the spring and autumn). The first copulation, according 
to this investigatoi’, takes place in Emijs incta in the seventh year, 
the first deposition of eggs in the eleventh year of the animal’s life. 
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These facts agree with the slow growth of the body of 'the Tortoises, 
and the great age which they attain. 

The Chelonians belong mainly to warmer climates, and live prin- 
cipally on vegetables ; many of them, however, also live on Mollusca, 
Crustacea, and Fishes. 

Fossil remains are first found, but rarely, in the upper white Jura. 
Moi-e numerous remains are found in the Tertiary period. 

Fam. CheloniadsB. Turtles. With fiat dorsal and often cartilaginous ventral 
shield, between which the head and extremities cannot be retracted. The 
latter are fin-like feet, with immovably connected digits, which are usually 
without nails, and are eovere<l by a common skin. The anterior limbs are much 
longer than the [xistcrior. Ctulomia eiteulmta Merr. ; Ch. (^CarHta^ imhrivata 



e 





Fig. ^T.—ThaUunoehel^t oaretta (rogne animal). 


L., Atlantic and Indian Ocean ; Thilaswolu^lifx carvtta L, =- vortleata Rond, 
(fig. ♦147), Atlantic Ocean and Mediterranean ; Sphargu coriacm Oray. Rare 
ill the MediteiTancfiii, more common in the Atlantic Ocean and South Sen. 

Fam. Trionycidse. Soft or Mud Tortoises. With flat, oval, incompletcdy 
ossified dorsal shield, and long retractile ne<;k. .Ja-ws with cutting edges, sur- 
j-ounded by fleshy lips. The head and feet arc not retractile. The nasal 
openings are on the long snout. TrUmgjn frroj' Alcrr. A fierce animal. Found 
in the rivers of Georgia and Carolina. Good to eat. 

Fam. ChelydflB. Head and feet not retractile. l«'ittcr end with free digits, 
which are wiibbed and furnished with claws. ('hhfs jimhriata Schweig., 
Matamata, South America. 

Kam. EmydsB. Freshwater Tortoises. Dorsal shield flat, plastron usually 
small. Feet thick, with freely movable digits, which are connected by a we>'. 
They swim excellently, and move also with great facility on land. They prin- 
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cipally inhabit sluggish rivers and ponds. Ciistudo curopma Schncid. = lutaria 
Gesn., the common Tortoise of South Europe and East Germany ; JEmys ompwa, 
on the Caspian Sea, in Dalmatia and Greece ; Chvlydra serpentina L., with very 
sharp jaws, in North America. 

Fain. Chersidas. Land Tortoises. With high, arched, ossified carapace; 
head and feet retractile. The digits are immovably connected as far as the 
nails to thick club-feet, with indurated soles. They live in damp and shod^^ 
localities in warm and hot climates, and feed on plants. Testudo greeca L., 
imuoralin Aldr., = marglnata^ South Italy ; T. tahulafa Daud., in America. 


CHAPTER VIII. 

Cl^s IV.~AVES « BIRDS. 

Warm-blooded oviparoun animvds, covered with feathers. Thecltain- 
hers of the heart are completely separated. The riyht aortic arch 
persists. There is a shujls occipiud comlyle, and the anterior limbs are 
transformed into wings. 

As opposed to the poikilothermie Vertebrates Vertebrates 
whose temperature varies witli that of the external medium) the 
blood of Aves and Mamynalia possesses a higli temperature, which 
remains tolerably constant in spite of the changing temperature of 
the external medium. This maintenance of a constant temf»ei*ature 
tlemands above everything a great enei*gy of metabolism. The sui*- 
fat^e of all the vegetative oiguns, especially of the lungs, kidneys, and 
alimentaiy canal, has a relatively greater extension in the warm- 
blooded than in the cohl-blooded animals. The operations of diges- 
tion, preparation of blood, circulation and respiration are caiiied on 
with much gimtcr energy. With the need of a richer nouilshment, 
the pi’oeesses of vegetative life take a disproportionately more rapid 
coui'se, an<l as the high and uniform tempei-atui’e of the blood is a 
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condition necessaiy to theii* very maintenance, they seem to be the 
principal souixse of waimtli produced. Since the loss of heat is 
greater when the tempemture of the external medium is lowered, the 
activity of the vegetative organs must considembly increase in the 
collier season of the year, and in the northern climates. 

In addition to the continual addition of new quantities of heat, a 
second cause contributes to the maintenaiKie of the constant tempeiti- 
tiuc of the warm-blooded animals. This is the pi-otection afforded 
by the special nature of the covering of the body. While the Ver- 
tebrates with a variable tempeiatiii’O have a naked or ai*moured skin, 
Birds and Mammals liave a moi*e or less close coveiing of hairs or 
feathers, w'hich limits to a great extent the loss of heat by mdiation. 
The large aquatic .‘numals, on ^iie other hand, have a scanty covering 
of hair, but they develop thick layers of fat l^eneath the cutis, which 
serve for the retention of heat, and at the same time for hydrostatic 
purposes. 

There is in all cases a mutual i*elation of a complicated kind be- 
tween the factors which favour the withdrawal of heat and the 
conditions of the retention and the formation of lieat, a relation which 
in spite of many varhitions in its individual factors results in the 
eipialization of the heat generated and the heat lost. Some Mam- 
mals are able to maintain thtdr projwr icmpeiutiire only within cei*tain 
limits of the external tempemture ; these animals are to a certain 
extent incompletely homothermic, and when the tempemture sinks 
below a certain point the>’^ fall into the so-called winter-sleep 
(Inhertiatiou), a state of rest characterised by an almost com- 
plete absence of movement, and by a diminution in the energy of all the. 
vital ])rocesses. In the class of Birds, whose higher temperature 
peiinils of no interruption or limitation of the vital functions, there 
i> no example of hibernation. Hut these? animals have numerous 
iii(?ans of heat adjustment at their disposal : in particular, the swift- 
ness of their flight enables tliein to leave their homes at tlie approach 
of the cold season, and to betake theniselxcs to warmer climates, 
where food is abundant. The common migrations of the migratory 
birils, migrations which sometimes extend ovc^r great distances, to a 
certain extent take the place of the winter* sleep of the hibernating 
aniiiLals ; in the Mammalia whose organisation permits of hibernation 
migrations like those of Birds are very mi*e. 

The most essential peculiarity of Birds, and om* with which many 
chanmtei-istics both of external appearance and of internal organi- 
siition are coiTclated, is their |X)wer of flight. This [Xiculiarity in 
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connection with these characters determines the sharp definition 
as well as the relatively great uniformity of the class, which, 
indeed, is descended from the Saurians, but exists at the present 
day without any forms transitional to other groups. On the 
other hand, the remains of a group of Saurians {Archceopteryx 
Uthographica) have been discovered in the Sohlenhofen lithographic 
slate which combine characters of the Pterodactyls with those of 
the Birds. 

The entire structure of the body of Birds corresponds with the two 
principal modes of locomotion — on the one hand flight, and on the 
other walking and hopping on the earth. The trunk, which is oval, 
is supported in an obliquely hoi-izontal position on the two hind legs, 
the pedal surface of which stretches over a relatively large arefi. 
Posteriorly tlie body is prolonged into a short rudimentary tail, the 
last vertebra of which serves for the support of a group of stiff 
steering, or tail feathers {rectricea). In front it is prolonged into a 
movable neck, on which is balanced a light, rounded head, with a 
projecting, horny beak. The anterior extremities, which are trans- 
formed into wings, lie folded together at the sides of the body. 

Ari-angements for lessening the weight of the body are discernible 
in the special structure of all the systems of oi'gans; these ai‘e 
especmlly noticeable in the structure of the osseous skeleton. The 
bones contain aii*-spaces (jmmmaticUy)^ which communicate with 
the aii’-stics of the body through openings in the dense and firm 
osseous substance, which is however confined to a relatively thin 
layer. This pneumaticity is most highly developed in those bii*ds 
which combine a quick and enduring power of flight, with a consider- 
able size of body (Albatross, Ilombill, Pelictin). In these cases ell 
the bones except tlie quadrato-jugal and the scapula appear to be 
pneumatic, wliile on the other hand in the Ratitw (Ostrich), which 
have lost the power of flight, all the bones except some of the 
ci-anial bones are filled witli maiTow. 

The Skeleton. — Except in the Ostrich-like birds, the cranial bones 
very early fuse togethei* to form a light and firm skull, which airicii- 
lates with the atlas by means of a single condyle. The squamosal 
and periotic bones (prootic, epiotic and opisthotic) fuse to fonn a 
single bone which is united with the occipital and with which the 
quadrate articulates. The large fi’ontal bones take the principal 
part in the formation of the cmnial roof. Almost the whole of the 
upper edge of the large orbit, which in the Parrots is closed by a 
lower ling, is formed by the frontal bones. An independent lachry- 
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mal is pre- 
sent at the 
anterior 
margin of 
the orbit. 
The eth- 
moid re- 
gion and 
the eraiiial 



capsule are widely sepai-Jited by an in- 
terobital septum of v-onsiderable size. 
Tluj latter, sometimes togetJier with the 
remains of tlie fused orbitosplienoids, 
fre(|nently remains meuibraiious and 
iinossified in its median part, and i*ests 
on an elongated bony rod coiTesp( aiding 
to the basisphenoid. At the Iwise of the 
tomjiornl region ihore are two bones — 
the ba-sitempoials (Parker) — which an* 
ankylosed w’ith one another, and are 
pi’obably to be refej-red to a parasphe- 
noid. In all cases independent alisphe- 
noids are present. The ethmoid region 
is composed of a vertically placed^, iin- 
paii-ed ethmoid, situated in the anterior 
prolongation of the intei orbital sejituni, 
and of lateral (*thinoids which sepanite 
the eye,s ainl nas;il cavities, and thi-oiigh 
which the olfactory nei’ves pass into the 



nasal cavities. Tin? lateral ethmoidsmay 
be swollen ainl contain ethmoidal cells. 
In front of tliem an* fleveloped the two 
nasal cavities with tluar bony or carti- 
laginous sejitiim, which is the prohniga- 
tion of the unpaii-ed ethmoid, and affbnls 
a support to the rolled -up turbinal lones, 
which are sometimes also attache<l to the 
vomer. The facial hones unite to form 
a piojecting beak, tlie margins of which 
are covered with homy substance, ami 


Fl<; (UH. — Skull Ilf Of in fui'da (liUHt- 
Jird). »/, From tho siilo; A, from 
bci'fuMi, O/i, l)Ubi-o('('i])ital : C, 
Of, ex'ocnpitul ; Oh, 
."iipi-ii (i(‘C‘ipiltLl ; Hi/, h(|i]umr>s>il ; 
Jff, *ii.f,i-‘i*inpoMtl (}i:iruHplicnoi(1): 
S/t/i, li;i,hi-Kplicnoi(l ; /l/n, aJi* 

sjiin tioid ; Sill, illtl'l'-fii Ijitul Htip- 

tui.-, El, imMliiui otlnnoid ; Pu. 
jHir.fiiil ; /'V, troTitiil ; Jf.r, maxil- 
liH’.v , Jiiix. pru'inaxilhiry ; N, 
luisu! , liirlirymul ; J, ju^al ; 

Q./, jiitrjil ; Q, (|Uit(lrato; 

/*/, ]ik‘i Vi/i i-l ; I’dl, Va, 

vomer, i', flenlary: Art, urticu- 
lara ; Air/, aiiicMlarc!. 


which is often movably connected with the skull. The suspensoiium 
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of the lower jaw and the maxillo-palatine apparatus are enabled by 
special articular arrangements to move on the temporal bone and 
on corresponding processes of the basisphenoid. The quadrate, which 
is articulated to the temporal bone, has, besides the articular surface 
of the lower jaw, movable connections with the long rod-like 
quadrato-jugal, and with the usually styliform pterygoid which runs 
obliquely inwards, while the base of the upper beak presents a thin 
elastic place below the frontal bone, or is separated from the frontal 
bone by a tmnsverse movable suture. When the beak is opened, 
and the lower jaw is moved downwards, the pressure on the quadrate 
bone is transferred to the rod-like quadrato-jugal and the pterygoid 

bones, and from these is transmitted 
pai-tly directly and partly by means of 
the palatine bones to the upper beak, so 
that the latter must be more or less 
raised at that point. Therefore, when 
the mouth is opened, the end of the 
beak is nised. The gimter part of the 
upper beak is formed by the unpaired 
praemaxilla, with the sides of which the 
niaxilhe ai*o fused, wliile an upper median 
process ascends between the nares and 
unites with the frontal on the inside of 
the misfil bones. 

The hyoid bone (tig. 649) is prolonged 
into a postcn’or i*od ; its anterior * cornua 
are usually two-jointed and are not con- 
nected with the skull, but in some cases 
they are much elongated and aieli over 
the skull as far as the forehead (Woodpecker). They then consti- 
tute in connection A\’ith the muscles of their sheath a mechanism for 
the protrusion of the tongue. 

In the vertebral column (tig. 650), a very long movable ceiwical 
region, a rigid dorstil and pelvic region and a. rudimentary, only 
slightly movable caudal region can be distinguished. In Birds 
there is no sepai’a tion of thoracic and lumbar regions as in Mammals, 
since all the dorsal vertebra? beai* ribs and the region corresponding 
with the lumbar region takes a share in the formation of the sacrum. 
The cervical and dorsal regions also are not sharply distinct from 

• Usually described as the posterior cornua. Ed. 



Fig. GtO.— IJynitl apparatus of 
Cormn coniix, Co, botly of 
liyoiU ; 7ih, coniua : Snt, oiito- 
p:lo8Bal bone. 
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one another, since the cer>*ioal vci*tebr8B, as in the Crocodiles, bear 
ribs, which unite with the transverse processes to form a foiumen 
tninsversariiim. The neck is long and always freely movable, and 
contains 9 to 23 vertebrje (Swan). The shorter dorsal vertebra? are 
always less numerous ; they have superior and infenor spinous pro- 
cesses and all bear ribs, to the vential ends of which sterno-costal 
bones are articulated at an tuigle which pi'ojects backwards (fig. 650, 
AVc). The sternocostals also articulate with the margin of the 
sternum, and serve when they ai*e extended to increase the distance 
between the latter and the vertebml column. But, since the ribs 
are firmly applied to ojie .-mother by means of posterior processes 
(^>roccs«'/As uncinati)^ ihe iiiovoinent of the sternocostal ribs must 
necessaiily afiect the tlionix as a whole, and dilate it (inspii-ation). 
The sternum is a broad flat l>one which covers not only the thorax 
but a great part of the abdomen, and bears a projecting keel-like 
ci-est which serves for the .-ittimhinent of the muscles of flight 
{Carirutta ), The sternal cresl is rediu^ed or obsolete only when the 
power of flight is feebl(< or entirely absent {Ratitce), 

The rib-bearing dorsal vertebni* are followed by a tolerably exten- 
sive division of the vertobiul column, which corresponds to the lumbar 
and sacral l ogions, and which, by the* fusion of a number of \ ertebrie 
with each other, and with the long iliac bones of the pelvic girdle, 
presents the characters of thf* wicruni. The sacrui|l is much elon- 
gated, and includes sixt(?en to tw^onty and more vertebra* ; of these 
a certain nuiiibei* can be shown to be lund)ar (prtesjicral), and are 
almost always j)receded by two to three rib- bearing dorsiil vertebra *, 
Then folloAvs tlu; true sjici um ; it consists of two vei-tebra*, wiiich are 
efjuiv'alent to the sacral ^’ertebra• of Lizards and Orocjodiles, and 
constitute ]>y means of their transvem* pi-ocesses (with fused ribs) 
the main su])port of the pelvis n(«ir the cup of tlie hip-joint 
{acetabidar r&rfeJmv). Finally the true sacrum is followed by a 
postsjicral region, which is composed of from three to seven of the 
anterior caudal vertebra*. The sh(»rt cnuidal c-gion, which su(!ceeds 
the postsacra 1, consists, as a ruh?, of from s(‘ven to eight movable 
vertebne, of wliich the last is represented by a \ertical, laterally 
compresseil plate — the? — to which the )jjnM*les for the move- 

ment of the steering feathers (rectriceit) of the. tail are attached. 
This deep ploughshare-shaped terminal body is compo.sed of from four 
to six v^ertobrai, so that the reduction of the nuinbei- of the cmidal 
vertebra?, as comi)ared with that of the Saururo'. (ArchmopUryx), is 
by no means so consideralde. 



236 


AVES. 



Pig. rtnO. — Skeleton of Neophron firmioptiTue. Ith^ cervical ribs ; Du, inferior spinous pro- 
cess of the thoracic vertebra) ; Cl, cluviclo ; Co, coracohl ; Se, scapula j St, sternum ; 
Sfe, sternocostal bones (sternal ribs); Per, uncinate process of the thoracic ribs ; Jl, 
ilium ; J», ischium ; J*b, pubis ; II, humems ; N, mtlius ; U, ulna ; C C, carpus ; Me, 
metacarpus ; P' P" P"', phalan^fos of the three fingers; JFe, femur; T, tibia ; N, fibula; 
Tm, tarso-incta tarsus ; Z, toes. 
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Shoulder girdle and wings. — ^The peculiarities of the anterior ex- 
tremities are connected with tlieir tmnsformation into wings. Their 
connection with the thomx is always a firm one, since dying organs, 
whose movement pre-supposes a gimt expenditure of muscular power, 
require the necessary support on the trunk. While the scapula, 
which is a long, sabie-shaped bone, lies along the dorsal side of the 
thoracic framework, the clavicle and coracoid, as pillai'-like supports 
for the shoulder-joint, ai^ attached to the sternum. The two clavicles 
are fuseil so as to form a fork (furcula). The anterior extremity 
consists of a humerus, a- longer forearm composed of radius and ulna, 
and the reduced hand. I'lie lattei* contains only two carpal bones, 
an elongated metiiciiipus .and tliiee fingers — riz., the poll ex or thumb, 
l>earing the so calk^d bastard \\'ing (alula), a middle finger, and a 
little finger. The humerus, the forearm, and the hand are so 
plained Avhen at rest, that the humerus is directed backwards, the 
long forearm lies toleiably jiarallcl to it and is directed forwards, 
while the hand is again bent back\A ards. 

Pelvic girdle and legs. — The girdle of tin* hind limbs has the 
form of an elongated pehis connect(»d with a gimt number of lumbar 
and sacml veHebra*, and except in the ostrich (Sirnthio camtlus) is 
without a symphysis pubis. The short and jK)werful femni* is diluted 
obliquely' horizontally foi’U’^ards, and con(;ealed beneath the fiesh 
and feathers of the abdomen, in such a manner that the knee-joint 
is not visible extemally. The crus, which is much longei* and more 
extensive, is chiefly composed of the tihia, the Jilmla being quite 
rudimentaiy and represented by a styliform bone on the outer side 
of the tibia. Th(j crus is always followed by a. long forwardly directed 
bone — the tarso-'mvtaiarHnu — wkich is composed of the fused tarsal 
bones of the distal vo\y (interlarsal joint), imii of the metatarsjil bones. 
The tai-so-metatarsus varies much in lenglli, Jiiid is the cause of the 
dificrences in the length of leg. At its lower end it divides into 
three processes, which are provided with articulating heads, for tlie 
attachment of the siiint^ number of toes. When a fouith toe is 
present, there is always a small bone on the inner side of the meta- 
tarsus, and to this Ixjiie the fourth iiinta* toe is attacked. The three 
or four toes (only in one case is the number reduced to two) are 
composed of seveml phalanges, the number of v^hich increiises from 
within outw^ards in such a manner tliat thc^ liisl to(i has two, the 
fourth (external) fi\'i* joints. 

[The digits present in the Avian pes are Nos. 1, 2, 3, 4, or 2, 3, 4, 
or in the Ostrich 3, 4. Digit No. 5 is never present.] 
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The muscles of the thorax are powerfully developed in connection 
with the power of flight, and a peculiar muscular arrangement, in 
consequence of which the toes are mechanically bent when the animal 
sits, deserves mention. 

Exoskeleton. — The most important character in the external ap- 
pearance of Birds is their covering of feathers. The skin is only 
naked in a few places — as on the beak, the toes, usually on the tarso- 
metatai*sus, and sometimes on the neck (Vulture), or even on the 
jibdomen (Ostrich); and also on the cutaneous outgrowths of the 
head and neck (Gallinaceous birds and Vulture). While the naked 
.skin at the base of the beak is soft (so-called cere), the edges of the 
beak are usually cornified, and are only exceptionally soft (Ducks, 
Snipe), and tlien are richly innervated and serve as a fine tactile 
organ. The skin on the toes and tarso-metatarsus is also cornified, 
so as to form a firm horny covering, which is sometimes granular, 
more /often divided into scales, and which may afford important 
/.systematic characters. When this integument forms a long con- 
tinuous horny sheath on the anterioi* and lateral surfaces of the 
metatarsus, the latter is termed lamini^ihmtar (Thrushes and singing- 
birds). The following spec;ial horny structures may be mentioned — 
the claws on the toes, the so-called spurs on the posterior and internal 
edge of the metatarsus in the male Gcdlinaetoi, and sometimes on the 
tlmmb-joint of the wing (Pm'ra). 

The feathers of Birds correspond to the hairs of Mammalia^ and 
like them arise in pits of the dermis lined by the epidermis. At tlje 
bottom of the pit there is a vascular papilla, the epidermal inve.st- 
ment of which gi^^es rise by its i*apid growth to the first rudiment of 
the hair or feathex', around which the e})idei’mal lining of the pit 
lies like a sbcatli. In the feather the axial part or stem with the 
calaimm and shaft {rJidchis) is to be distinguished from the vane 
{vexillum). The cylimlrical hollow calamus is partly embedded in 
the skin, and encloses the drit^d-up papilla (pith) ; the rlnichis is tlie 
projecting part of the stem, and bears a number of latei*al processes — 
the barha — which with their attached parts (barbules) constitute the 
vane {vexillum). The lower slightly concave side of the rhachis 
pi'esents along its whole length, from the end of the calamus to 
the point of the feathei’s, a deep longitudinal groove, at the base 
p]f which a second feather — the aftershaft {hyporhachiii) — arises, 
•ich, as well as the n^; q-shaft, gives off two rows of barbs, but 
in rare cases (Cass^,]jr. /V) reaches the length of the main shaft, 
me s sometimes (wing^^»^“>f‘^® quills) completely absent. The barbs 

jT)!*, ^ocs. 
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(mmi) send oflF barbules (radii) arranged in two rows, and the bar- 
bules (at any mte of the front row) liear barbicels and booklets, 
which by their mutual interlocking effect the firm connection of the 
whole vexiUum. 

According to the nature of the stem and barbs, the following kintls 
of feather can be distinguished — contour feathers {pennre), with stiff* 
shaft and firm vexillum ; down feathers (plumoe), with soft shaft and 
vane, the barbs of which l)e{ir round, or knotty barbules without 
booklets ; and finally fUoplumes (fUaplmnce), with slender bi'istle-liko 
shaft, the vane of which is reduced or absent. The penno' determine 
the external outline of the plumage, and attain their greatest size as 
remlges in the wings and as rectrices in the tail. The 2^mncie form 
the deep layer of tlu* plumage, and are covered by the t?ontour 
feathers; they sei‘\’e for the retention of warmth. The liloplnmes, 
on the othei* hand, are distributed more among the ponnWy and at 
the angle of the mouth have the appearance of stifl* bristles {rihrissa ). 
Tliere art*, moreover, many forms of feathers intermediate between 
these principal forms. Tn the autumn there is a complete change of 
feathers {autumnal moult), whereas the s^mng moult by which the 
bird aetjuires its breeding plumage is only rarely connected with a 
complete new formation of the plumage. As a rule, the spring 
moult consists in a colouring of the fe^ithers (probably by chemical 
change in the pigments already present), and sometimes in a mecliani- 
cal breaking otf of certain parts of the feathers. 

Birds have no sebaceous or sweat-glands, but tliei’e is often a 
bilobed gland above the hist cniudal vertebra. This gland (the 
uropipftal gland, or oil-gland) has a simple duct, and its oily secretion 
serves to anoint the feathei-s. 

The plumage is only i-ai-ely distributed evenly over the whole of 
the body {Aptenodytes). Usually the contour feathers are an*anged 
in rows — the so-called -between which thei’e ai'e spaces — the 

apteria, — which are naked or only covered with down (tig. 05 1). ^'luj 
form and distribution of these spaces present modifications whicJi 
cJin be used in classification. 

The grouping of the feathei-s bn the anterior limbs and on the * 
tail determines the utility of these organs as wings and steering 
apparatus respectively. The wing has to a certain extent tlie 
form of a fan, which can be folded at two poiiU.s — viz., the elbow 
joint and the carpal joint; its surface is fornied by the largo 
remiyes on the under surface of the haTid and forefirm, but partly 
also by special folds of the skin, which sti*etch between the body 
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and humerus, and between the humerus and forearm. The posterior 
of these folds is of importance in connecting the wing with the body ; 
the anterior has a relation to the mechanism by which the wing is 
unfolded, inasmuch as it contains an elastic band which extends 
along its outer edge from the humerus to the articulation of the 
hand, and which, when the forearm is extended, exercises a traction 
on the thumb side of the carpal joint, and so causes the simultaneous 
extension of the hand. 



Fig. ttol.— P<fTy/<e aiui upteriu of Gallus Bankiva (after Nitzsch). a, ventral Hide ; 
h, dur.^ul Hulc. 


The large \viiig-feiitliei*s (remigeft) are attaclied along the lower 
edge of the hand and forearm. Those wliich are attached to the 
hand, from the extremity of the wing to the cai'pal joint, are known 
as primary remiges (lig. 652, II while those attached to the fore- 
arm as far as the elbow joint are willed secondary remiges {A aS'). 
There .ai*e usually ten primaiies, and a greater but variable number 
of smaller secondaries. 

A number of feathers {coverts) attached to the upper end of the 
humerus are called scapulars (parapterum), and some feathers fas- 
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tened to the thumb- jcnnt (sometimes replaced by a spur) are called 
the bastard-wing {ahda). All the remiges are covered at their base 
by shorter feathers, which are arranged in overlapping rows, and are 
known as coverts {tectrwea, fig. 652, T), In certain cases the wings 
may become so much reduced that the power of flight is almost or 
quite lost, a condition which is met with in some running and land 
]»irds {Dinornithidm^ Kiwi and Ostrich), and also in certain water 
(Penguin). 

The great contour-feathers of the tail are called recfricea {Rt)^ 
because during flight they arc 
used for altering i he dii-ection 
and for steering. There art*, 
as a rule, twelve (sometimes 
ten or twenty and more) rec- 
t rices attiiched to the last 
Ciiudal vertebra in such a way 
that they can l>e moved singly, 
and unfolded laterally like a 
fan, as well as be all mised or 
depressed together. Tlie roots 
of the tail quills are covered 
by a number of coverts, wliich 
in some cases attain an extni- 
ordiiiary size and shape, and 
constitute an ornament to the 
Bird (Peacock). When the 
powei' of flight is absent the 
tail loses its significance as a 
steering appaiatus, and the 
tail quills are reduced or com- 
pletely absent. In such ciises, 
however, some of the coverts 
may attain a considerable size as ornamenttil feathers. 

The hind limbs, which are principally used in the locomotion of 
the animal on firm ground pi*esont numerou.s varieties, according to 
the mode of locomotion of the Bird. In the first place, walking 
legs, or grojclarii, and wading legs, or peAkn vfvdantesy are to be 
distinguished (fig. 653). The former are miicli more completely 
feathered, being covered at least as far as the articulation of the 
heel ; but they vary considerably. The following varieties may be 
distinguished (fig. 053) : — adluimantOH, with four toes dii’ected 



Flu. 062.--N()Tiionc*latuTc t>f the plumage ami 
regions of liombyriUa ^f/rr/i/a (wax-wing)(8lightly 
modified nftcr Reichonlmch). forehead ; 8v, 
occi]mt ; Jtlh^ hinil-hcad ; loi’e ; cheek ; 
N, nape; E, hack; IT, throat ; Br, breast; Ba, 
lielly ; &7, vmt ; //, tail coverts ; tail, witli 
tail fjiiills (roctrices); //«, primaries ; Ai, second- 
aries ; Ty coverts (tectrices) ; P, scapulars (para- 
))tcrum) ; Al, bustard wing (alula). 











FiiJ. (563.— The most importtuit. tonns ot Birds’ feet (6, r, rf,./, », from the rp^iic ;uiiinal). 
M, i)OH adhanianH of Cijpaehm apits; h, P. scansorhis of /’icrfu vajiftufii * ; c, P, uTnbulatnriiiK of 
Phtitiianuii coIahivHf ; d, 1'. fissiis of Tnrdtiii tonjaittvn ; #*, P, gressfn’ius of Aivedo ixpida ; f, 
P. ineidciiH of Falcobiurmirm ; p, P. colli^nitne of Myvieriu n-wgaltvsiif : h, P. cnrsorius of 
Struthweameht* ; t, P. paJiuatus of / jl-, P. gcixii-paliuutus of Hfcurnrontm 

nrocetfu ; 1, P. hssi-palinatns of Pod'nvps criniattm : w, P. Inbatiis of FuUra ah'n ; H, P, 
stCf'aniiS of Phaeton aitherrnK. 

roots, Turdtis (d) ; andndatoriiy witli three toes directed for- 

ward, the inner toe bjickwards, the middle and outer toes united at 
their roots, Phasianttft (c) ; jmUs tjressorny the inner toe is placed 
beliind ; of the three anteriorly directed toes, the middle and outer 
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are fused as far as the middle, AUedo (e ) ; pedes insidentes (/*), the 
inner toe is behind, the three anteriorly directed toes are united by 
a short membiane, Falco (/). Sometimes the outer toes of the 
2)68 8cam&riu8 and the inner toe of the pea adbrnm/na 

(Coliv^) can be turned both forwards and backwards. The wading 
legs (p, vadaTUes) as opposed to the walking legs {p, yradaHi) are 
characteiised by the partly or completely naked, unfeathei*e(l tibial 
i-egion ; they are found principally in Water Birds, amongst which 
the GraUaiorGa have wading legs with a very long metatarsus-— the 
so-called yraUarii. The p, yraXlarii may be distinguished into 

cclliyati, in which the anterior toes are united at theii* roots by a 
short membrane, Ctconia {y) ; and the p, aemicoUiyati, in which this 
membranous connection is (jonfiiied to the middle and outer toes, 
Liitioaa. The running legs curam'li) are poweiful yrallarii 
without liind toes, and with three (Fhea) or two Struthio (//) strong 
front toes. Tlie sliort wading legs of the swimming birds, fts well as 
tlie longei* legs of the Grallatm'f^a^ present with i‘egai*d to the structure 
of their feet the following types : — Swimming feet, or pahuatiy 
when the three anteriorly dii*ected to<*s ai*e connected as far as their 
extremities by an undivided swimming membrane or web, Amis (1 ) ; 
half swimming feet, or jr;. aemijKihuati, when the web only reaches to 
the middle of the toes, Recurmroatra {k) ; split swimming feet, or 
jlaaipahnati, when the toes have an entire cAitaneous bordei*, Podlceps 
(/); lobed feet, or^y, Johatiy when the border is lobed on each joint, 
Fulica (tu). When tlie hind toe is also included in the web mem- 
brane the feet are termed p, ateyani, I/aliem [PhalacfrocoravL^ {u). 
Finally, the hind toe may be i*educed or completely absent in the 
Natatorea ami Grallatorea, 

The Brain of Bii-ds (fig. 79) is much more highly developed thaii 
that of Reptiles, and completely fills the I'oomy ciiinial cavity. Tlie 
hemispheres are, indeed, still without superficial convolutions, but 
already possess a rudimentary coitus callosum (Meckel). They cover 
not only the thalamencephalon, but also the two large, laterally 
displaced empora higemina. The <lifferentiation of the cerebellum is 
still further advanced, since there is a median part coiTesponding to 
the so-called vermis of Mammalia, and small lateral appendages. 

In conserpience of the cervical flexure of tlie embryo the medulla 
oblongata forms an angle with the spinal cord, the posterior* column ^ 
of which diverge from one another in the posterior enlargement of 
the lumbar region so as to form a second sinus rhom boidalis. The ersr nia 1 
neiwes are all separate and their distribution is essentially the same 
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SM in the Manmudia, The spinal cord reaches almost to the end oi , 
the neural canal of the vertebral column. 

Sense Organs. — ^The eyes always attain a considerable size and a 

high development. The eyelids are always movable, especially the 

lower lid and the transparent nictitating membrane, which is dniwu 

over the eye by a peculiar muscular apparatus. The eyeball (fig. 

654) of the Bird has an unusual form, in that the hind part on 

which the retina is spread is a segment of a mucn larger sphere than 

is the small anterior part. The two parts are connected by a median 

portion, which has the shape of a short truncated cone, with the 

smallest end directed forwards. This form of the eyelmll is most 

marked in the nocturnal birds of prey, 

and least in the aquatic Birds in which 

the axis of the eye is shorter. Thei’e is 

always a bony sclerotic ring l)ehind the 

edge of the cornea. The cornea, except 

in the swimming Birds, is strongly 

arched, while the anterior surface of 

the lens in the nocturnal Birds alone 

possesses a considenible convexity. The 

pectm (wanting only in Apterj/x) is a 

peculiar structure of the avian eye. It 

consists of a process of the choroid, which 

traverses tlie I’etina and passes obliquely 

of prey (after Wiedersheim). Co, through the vitreous humour to the lens. 

coriioa; X, lens; retina; -P. ^ , i /» i .j. 

pecten; No, optic nerve ; Sc, It corresponds to the falciform pm^ess 

cUia^* mlitw/e ^ piscine and reptilian eye. The 

avian eye is characterised not only by 
the sharpness of vision consequent on the large size and complic^ited 
structure of the i*etina, but also by the highly-developed power of 
accommodation, which is principally due to the muscle of the so- 
called ciliary ligament (Krampton’s muscle), and also to the gi-ent 
mobility of the muscular iris (dilatation and contraction of the pupil). 

Tlie auditory organ (fig. 578 II,) is enclosed by spongy masses of 
bone. It possesses thi-ee large semicircular canals and a dilated 
cochlea (lagena). The > estibule, which on account of its small size 
may also be legarded as the lower dilated part of the cochlea, has 
two op(mings ; the foramen ovule which is closed by the terminal 
piece {opercidmn) of the columella and looks into the tympanic 
cavity , and a second more I’ounded oi^ening, the foramen rotundnm, 
which is closed bv membi^ine. In addition to the labvrinth theie is 
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( a tympanic cavity which communicates with the air-s^iaces in 
keighbonidng bones of the skull, and with the phaiynx close 
Ind the postenor nai^es by means of the Eustachian tubes, 
vards the exteiior the tympanic cavity is closed by a tympanic 
dbrnne, to which the long i*od-shaped auditory ossicle (columella), 
i^^ltilresponiling to the stapes of Mammalia, is fastened. On the outer 
.side of the tympanic membrane there is a shoi*t external auditory 
meatus, the opening of which is often suriminded by a 011*010 of 
larger feathers, and in the Owls is overlapped by a cutaneous valve 
which is likewise beset with feathers, and constitutes a rudimentary 
pinna. 

The ol&otory organ has three pmrs of turbinal bones in 
the spacious nastil cavities, which ai*e sepamted by an incomplete 
septum (meres peroku). The two iiastil apertures, except in Apte.rifx, 
lie more or less neaii* the i*oot of the upper beak ; sometimes (throws) 
they ai*e covered and protected by stiff haii*s; in the ProceMnrkla'- 
they are elongated into a tube and join one anotlier. A so-called 
nastil gland usually lies on the frontal bone, more rarely beneath the 
nasal bone or at the inner corner of the eye ; it opens by a simple 
■duct into the musal cavity. 

The sense of taste is connected with the soft base of the tongue 
which is rich in papilhe. The tongue is soft throughout its whole 
•extent only in the Pari*ots. In most other cases it has a Hrmer covei*- 
ing, and in many cases lends im}M>rtant aid in mastication. In 
genera] the tongue as well as the beak may be regarded as a tactile 
•organ. In rare cases (glnipe, Duck) the beak is the seat of a finer 
tactile sensibility, owing to the jwssession of a soft skin rich in nerves 
and in the end-(!orpuscles of Vater. 

Alimentapiy canal. — In spite of great differences in the mode ol‘ 
nourishment the avian digestive organs pi’esent a fairly uniform 
struetui*e ; their peculiaiities have i*elation to the power of flight. 
The jaws ai*e covered by a hard homy sheath and tninsformod into 
the beak. Ti*ue teetli ai'e entii*ely absent, at least in living Birds 
AS opposed to the fossil Odontoruiihes (Icldhyomis, He 8 peromis)\ 
•dental papilla; were however discovei*ed by Etienne Geoffroy St. Hilaire 
in the jaws of the embryo Pari*ot. While the upper beak is formed 
by the fused pra;maxillte, the maxillie and the nas»il bones, the lower 
•cc^ri'esponds to tlie two rami of the lowei* jaw, the fused extreriiities 
of which ai*e known as the myxa. The lower edge reaching from 
the angle of the chin to the extremity is termed the yonys, the 
edge of the upper beak is the culmen, the regioji between the eye 
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and the base of the beak which is covered by the cere {ceroma) is the 
lore. The form and development of the, beak var}^ extremely 
according to the special mode of subsistence (fig. 655). 

The tongue, which is always movable, lies on the floor of the 



Fit,. -Forms of l)t>akK («, h, c, rf, k, iiaer Naumnnii; i, rejfiie nniiiml ; /.from 
nrehm).. a, Phavicoptfrfi, aniif)nor„m ; 6. Phtalft, loiicorodut v.Emltenza : if, 

TUn'Jim cyanvM; r, FaJeo ; f, Mcr^w meiyfauner ; ff, Pehetmutt pentpivillutm ; h, 

Itccumrogtra awcetta ; /, Bhynrhoj,, niyra : /, Columh, Ihna ; /, BaUenieejw rex; w, A»«. 

coromindehanm i », Pferoylngme di$colm' ; o, Myctn iu tenegalemig : p, FalebmUug' 
igneuK : i/, Vyjatelug apu». 

buccal ca^'ity. It (*onsists of the horny or fleshy covering of two 
cartilap?s attached to the anterior end of the hyoid bone, and serves 
for deglutition, tuid frequently for seizing food. Tlie buccal ca\dty, 
uhich ill (he Pelicans is dilated into a large cervical sac .supported 
bv tilt' i-.iiui of the lower jaw, rtn-eives the secretion of a number of 
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salivary glands. There is no velum palati. The muscular, longi- 
tudinally folded oesophagus, the length of which in general depends 
on that of the neck, frequently possesses— especially in the birds of 
prey, but also in the larger granivoi'ous birds (Pigeons, Fowls, 
Parrots) — a crop-like dilatation, in which the food is softened (fig. 656). 
In the Pigeons the crop bears two 
small round .-tccessory sacs, the walls 
of ^\’hicli secrete in the bi-eediiig 
season a cheesy substance used in 
feeding the young. 

The lower end of the msophagus 
is dilated into a glandular pro- 
rcHtricidnSy which is followed by 
tin* wide niiisenlar stomach 
While llie piovenlriculus has, as a 
rule, an oval form and is smaller 
than the gizzard, the latter is pro- 
vidcnl with muscular walls, which are 
weaker (birds of prey) or stronger 
(granivorous birds), according to the 
kind of food eaten. In the graiii- 
\ orous birds the gizzard is excellently 
adapted for the mechanical prepai*5i- 
tion of the softened food mateiial 
by the j)ossession of two solid plates, 
which form the horny internal wall, 
and work against one another. The 
tirst loo[) of the small intestine 
(corresponding to the duodenum) 
surrounds the elongated 'pancreas, 
tlie ducts of which, as well as the 
usually double bile ducts, open in 
this region. The beginning of the 
short large intestine is marked by a 
cii’culai* valve, and by the origin of 
two ca?ca ; it presents no distinction 
into colon and rectum, and passes into the cloiwa, into which the 
urinogenital apparatus also opens. At its entiance into the cloaca 
it presents a sphincter-like circular fold. A peculiar glandular -sac — 
the hvrsa Fahricii — opens into the doi’sal wall of the cloaca. 

The large elongated kidneys ai-e placed in excavations of the 



^ iA.i 

Fig. 066, — DiircHtivo canal cif a bird. Oe, 
a'SDpliHffUH ; A' crop ; Dm, ])roventricu- 
lus ; A'm, ^izziird ; I), huihH intiOBtinc ; 
P, pHiicrotm (placed in the duodenal 
loop) ; //, liver ; C, the two ewea ; Ad, 
lar>;o intofcitiiie ; U, ureter; Ov, ovi- 
duct; IlI, cloncH. 
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.sacrum, and are divided by indentiitions into a number of lobes. 
The ureters run behind the rectum and open into tho clo^icsi 
internally to the genital apertures. The urinary secretion is not 
fluid, lis in the Mamnialm, but is a white semi-fluid mass, which 
soon hardens. 

The heart is completely divided into a right and left half, and lies 
in the median line, enclosed by the pericardium. As a peculiarity 
of the heart may be mentioned, the special development of the right 
atrioventricular valve, which, unlike the tricuspid valve of the 
Mammalian heart, is a simple strong muscular fold. Since the 
diaphrtigm is rudimentary, the thoracic cavity is directly continuous 
with the abdominal. The pulsations of the heart, in correspondence 
with the more active respiration, are repeated more rapidly than in 
Mammalia, The right aortic arch persists. The veins open by two 
suj)erior and one inferior vena cava into the right auricle. The 
renal-portal circulation still persists in Birds, though it is but 
sliglitly developed. 

Tlie lymphatic system opens by two thoracic ducts (tluctua tho- 
rojCfici) into the superioi* venie cava?, but also very genemlly com- 
municates with the veins of the p^tvic region Lymph heai'ts are 
only found at the side of the coc^cygeal bone in the Ostrich and 
Cassowary, find in some wading and swimming Birds. Tliey are, 
liowever, often repLiced by vesicultir non-contiuctile dilatfitions. 

Eespiratory organs. — The glottis is placed behind the i*oot of the 
tongue, and leads into a long trachea, which is 8ui)ported by bony 
rings. The trai^hea is not unfrequentiy longer than the neck, ami 
in such cases, principally in the male sex, is thrown into a number 
of coils, 'vhich either lie bcnaath the skin ((Japercally) or even 
penetrate into the hollow crest of the sternum (Whooper Swan). 

The lower laiynx or syrinx.— Except in tlie Ostrich, the Stork, 
and some Vultures, the vocal organ is developed at the point wher(» 
tlu^ trfichea divides into the bronchi, so that both divisions take part 
in its formation (fig. G57). The bust tracheal rings and the anterior 
bronchial rings have a modified form, and are often intimately (*oii- 
nected with efich other ; the end of the tnudiea and the beginning 
of the bi'onclii ai*e compre.ssed or dilated into a vesicular form 
and transformed into the so-called tympanum, which in the males 
of many Ducks and Divers is dilated into unsymmetrical sec^omlary 
cavities (tympanic cavity and labyrinth), which serve as resonating 
apparatuses. The part of the tnichea fi’om which the bronchi pass ofl* 
(i.c., tympanum) is tiuversed in a horizontal direction by a projecting 
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osseous band — the pesBulm — which forms ji vertical septum between 
the anterior apertures of the two bronchi. This septum, at its 
antenor (ventral) and posteiior (doi*sal) ends, gives off on each side 
two arched processes, which ptiss downwards — one along the dorstil, 
and the other along the ventml edge of the bronchus of its side ; 
and between these cornua the internal wall of each bronchus, which 
is hei*e membranous, is stretched, and constitutes the imnibrann 
ttpapaniformia inte^nia. In the Singing Birds there is in addition a 
semi-lunar fold {menihraim 8eniilitmiri8)ont\\Q pessulus, as a prolonga- 
tion of the membi'ana tympaniformis interna. In many cases a mem- 
branous fold — the meuihmtia ttjnipaiiiforniis extenw — is developed 



Pig. 067.— Lower larynx of Haven (fnm l)\vou). »/, Sifle view of laryn.x laid open.— 6, 
Larynx after removal of miis(*IeK. - Ijarynx with muHcleH, from tliu fnmt ; i/, from the 
side. W, pessulus ; 3////, inenilminatyin)iuTiiff)rmis interna; JUV, membramistniiilunaris; 
lift miMlificd last traeheal rini' ; lih, 'lie modified three Ural hronehini riii^s ; 3/, muselcs. 


on the external side of tlie tympanum, and forms with the free edgv 
of the internal tyinpanifonu membrane (t.e., with tlie tmiahvana 
aemilunariH), a vocal slit or glottis on either side. The tension of 
these folds, which function Jis vocjil cords, is regulated by a mustailar 
apparatus, which connects the trsichea with the lateral parts of the 
tympanum, or also witli the anterior bi*Qnchial rings, and is most 
highly developed in the singing birds, in which the syrinx may 
possess five or six pairs of such muscles. 

The bimichi art^ relatively shoi’t and lea<l, at their entiunce 
into the lungs, into a number of wide membranous bronchial 
tubes, which tmverse the pulmonary tissue. The; lungs are not, as 
in Mammals, freely suspended in a clos ed thonicic cavity and iiive.sted 
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by a pleural sac, but are attached to the dorsal wall of the body cavity 
by cellular tissue, and sunk in the interspaces between the ribs at 
the sides of the vertebral column. The behaviour of the bronchial 
tubes and the structure of the finer respiratory air-spaces of the lungs 
present essential differences from those of the Mamrtmlia, The large 



th- - Liiny> jMiil lllr•h:lc^ dI' ilu- (dia- 

jil’lcr Vli'idor). Tr, tratcheii ; /’, 
; Li>, iHM-itriu'hoid iiir-wic witli its diver- 
liMiln (Lh niid Lm) into tlu* humerus (//) aud 
)et\vc*eii the pooinrjd muscles; C, their coii- 
s'ctiou with the stertud Hir-spnees ; I.th^ thoracic 
fdr-f»iu*s ; Air,nbdinniunl nir-sacs. 


air-sacs are diverticula of the 
lungs (fig. 658); they have 
a fairly constant arrange- 
ment, extending forwards 
between the cla\dcles (peri- 
trmheal or interdavicvlar 
hir-sae), and also into the 
anterior and lateral region^ 
of the thorax (thoracic air- 
sacs), and backwards among 
the viscei'ii, into the pelvic, 
region of the abdominal 
ca\'ity (ahdomrnal air-sacs). 
The abdominal sacs lead into 
the cavities of the feinoni 
and pelvic bones, while tlie 
similler anterior s{u*s are pro- 
longed into the air-spaces of 
th(‘ bones of the arm, and 
into those of the skin, which 
are sonietiiues, especially in 
the large swimming Birds, 
wJiich lly well (Suhi, Pelecu- 
nils), so numerous that the 
skin emits a crackling sound 
when touched (maintenance 
of temperature, reduction of 
specific gra>*ity, fiir reservoir.^ 
for respiration). With such 
arinngements combined with 


the rudimentary form of the 
diaphragm already mentioned, and the peculiar structure of the 
thorax, the mechanism of I'espimtion must be quite unlike that of 
the Alainmalia. The dilatation of the tlioracic framework, which also 
encloses the abdominal cjivity, is the insult of the extension of the 


sternocostal bones and the consequent increase in the distance 



THB GENERATIVE ORGANS. 


251 


between the . sternum and the vertebral eolumn. The respiratory 
movements are therefore mainly effected by the sternocostal mus- 
cles and the elevators of the ribs, which function as inspiratoiy 
muscles. 

The generative organs closely resemble those of the Eeptilia, The 
males are distinguished, not only by their superior strength, but 
also by the brighter colour of their plumage and the greater variety 
of their song. There are two oval testes on the anterior side of the 
kidneys ; they become much enlarged at the breeding season, and 
the left i.s usually the larger. The epididymis, which is but little 
developed, leads into the vas deferens, which passes back along the 
outside of the ureter. The ends of the vasa defei*entia are frcnpiently 
swollen so as to form seminal vesicles, and open on two conical 
papilla' placed on tlu* hinder (dorsfil) wall of the cloaca. 

A copulatorv organ is, as a rule, wanting; in some of the largt'i* 
water hinls, however {Ciconm, Platuha^ etc.) a rudimentary penis is 
present as a wart-like process on the front (ventral) wall of tht' 
cloaca. It is larger in most of the Struthionida^y the Ducks, Geese, 
Swans, and in the Cura ssows and Guans [Penelojtey PvaXy Crax), In 
these Birds a curved tube, supported by two fihi'oiis bodies, is 
attached to the ventral wall of tlu' cloaca. The end of the tube CJin he 
retracted by an elastic hand. A superficial groove serves to conduct 
the sperm dining copulation. In the two-toed Ostrich, the penis 
attains a still higher structure, aiialagous to that of the mah'copula- 
tory [»ai ts of tlu* (f/ifduHta and (^rucfnldia. Below the two fibrous 
bodies the broad bases of which arise from the front wall of the 
cloaca, there is a third cavernous body the extremity of which is non- 
retractih* and passes info an erectile lailh — tlie rudiment of a (flattft 
penis. 

Ill the female geiierati\ e organs the ovary and oviduct of the rigid 
side art" i-educed oi* entirely absent. The generative oi-gans of tlu* 
left side, Jiowever, are corresjKUidingly larger a,t tlie breeding season. 
The ovary is racemose; the oviduct is mucli coiled, and is divided 
into three regions; (1) The with* abdominal ostium in front; (2) 
the coiled glandular jiart whicli secretes, from the glands of its longi- 
tudinally folded mucous membrane, the albumen which is added in 
layers and is tw^Lsted together at the ends to form the clmlaza*. ; (»'f) 
a posterior short and wide [loi-tion — the so-cuIIihI uterus — wdiich 
serves to produce the N ariously coloured egg-shell, and opens by a 
short and narrow^ terminal region into the cloaiyi on the outer side 
of the corresponding ureti'r. When there are copiilatory parts in 
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the male, thei'e are also clitoris-like structui'es at the same place in 
the female. 

Development. — Bii*ds are, without exception, oviparous (relation 
to power of fliglit). The egg is remarkable for the large amount 
of yolk (distinguishable into white and yellow yolk), and its porous 
calcareous shell (tig. 659). The development requires a high tem- 
perature, at least equal to that of the blood. The necessary heat 
is usually supplied by the bird during incubation. 

Fertilization takes place in the upper region of the oviduct before 
the secretion of the albumen and of the shell membmne, and is at once 
folic* wed by the partial (discoidal) segmentation which only implicates 

the clear pai-t of the 
yolk (formative yolk) 
around the germinal 
vesicle — the so-called 
tread of the cock 
(cicatrice da). 

When the egg is 
IJl laid, the segmenta- 
tion is already com- 
pleted, and the 
cicatricula has de- 
veloped into the 
[jitnainal disc or 

Frn. ii.")!*.— Dia>?raminHtic lorif^itudiual Hection tlimuKli au im- hJnjtfn I 
.levoloiied Iioh’h oitk (after Allen Thonwon). BU verminal m. XJie em- 

«lise; f/D, yollnw' .v<ilk ; WD, white yolk; DM, vitelline bryo, whicll later prO- 
mombrauei *'tr.Kli,«nira;C* rants j j]^ 

A >9, caluaroouM ahcll ; />/{, air>('hiiiuhci*. •> J ’ 

developes, as in Rep- 
tiles, the characteristic fcrtal membranes — the amnion and allantoin 
(tig. 0.*15). The duration of the embryonic development varies 
jiccording to the size of tlie egg and the relative development of the 
young when hatched. The Bird, when ready to ei-eei* breaks 
the blunt end of the shell by means of a sharp tootli placed at the 
extremity of the upper Ijeak. 

The young when hatched have essentially the organisation of the 
adult animal, although they may still l>e far inferior to it in the 
degree of their bodily development. While the GaU inace i and the 
Cursores, and most Grallatorcs and Natatores have when hatched 
a complete covering of down, and are so far jidvanced in 
development, that they at once follow the mother on land or into 
water and there seek their own focKl (prSBCOces) ; others like the 
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Piiaseretf, Scmisoresj Cohtnihinw and Raptvres leave the egg mem- 
branes very early (altrioes) ; they ai*e naked, or only covei*ed with 
down in places, and inciipable of free locomotion or of feeding them- 
selves, and i*emain for some time in the nest, in which they ai*e fed 
and tended by their parents. 

The mental qualities of Birds are incomparably higher tlian tliose 
of Reptiles. The high development of the senses (sight) renders 
them capable of a sharp discernment, with which is combined a good 
memoiy. Under the guidance of its pai*ents the Bii*d gradually 
learns to fly and sing ; it collects experiences, which it combines so as 
to arrive at judgments and conclusions ; it recognises the surround- 
ings of its nest, distinguishes between friends and foes, and selects 
the proper means botb for the preservation of its existence and for 
the care of its brood. In some Birds the capacity for profiting by 
instruction and the faculty of imitation are extr»iordinarily developed 
(Stfirling, Parrot). The emotional side appears no less developed, as 
may be inferro<l not only from their general behaviour and the 
varying expression of their song, but es}>ecially from the behaviour 
of the two sexes at the breeding season. Their instinctive actions 
are directed to the pi*oservation of the individual, and as in Insects, 
but in a far higher degree, to the care of their offspring. 

In genei*al the manifestations of intelligences as well as of instinct, 
attain their maximum at the time of reproduction, which in the 
temperate and coldoi* cliTijat(»s usually takes place in the sj)ring (in 
the Cro.ssbill excejitionally in the middle of wintei% wintn' 

brnediny phiitmye). The voice* is clearer and licher in tlie 
breeding season ; the male endeavours to excite tlie female by 
his song and the beauty of his plumage. In addition to tlie changes 
of plumage and song, the whole behaviour of Birds is modified under 
the influence of sexual excitement (love-gestures, etc). 

With the exception of Ifowls, Pheasants, etc.. Birds are mono- 
gamous ; they pair only for the breeding time, and colleiit together 
later, and migi’iite in larger flocks. There are, however, some instances 
of the migration of single pairs. 

Most Birds build nests, and seek for this purpose a suitable phme 
in the district they inhabit. Unly a few Bii-ds (Cloat -suckers, et(\) 
are content simply to lay their eggs on the ground, others (8kua. 
Terns, Ostrich) scu>op out a pit or make Ji depimsion in moss and 
gi-as.s ( Tetraoniila'). The most skilfully constructeil, liowever, are the 


Cf. A. K. Brclim’s *• Illustrirtfs Thicrlebcii,*’ 'foiu IV., V. ar.d VI. 
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nests of those Birds which glue particles of extmneous matter together 
with their sticky saliva or . which weave fine tressworks of moss, 
wool and grass-stalks (Weavers). As a rule it is the female alone 
which builds the nest, the male merely helping in collecting the 
materials. There are, however, instances in which the male takes a 
share in the construction (Swallows, Weavers) ; while in other cases 
{GaUinaceif Chaffinch) the male takes no share at all in building 
the nest. Many sea Birds, as the Auks and Penguins, lay but 
one egg, the large Birds of prey, Pigeons, Swifts, and Humming- 
birfls, lay two eggs. The number of eggs is larger in the singing 
Birds and still greater in the swimming Birds of ponds and rivers, 
and in the Fowls and Ostiiches. Tlie duration of the i)eriod of 
incubation is ecpially various ; it depends upon the size of the egg 
and the degree of development of the young when hatched. 

While the Humming-birds and golden-crested Wrens incubate for 
elevt^n to twelve days, and tlie singing Birds fifteen to eighteen days, 
Fowls require tlu’ee weeks, Swjuis double that time, and Ostrichc‘s 
seven to eight weeks. Incubation essentially consists in keej)ing the 
eggs at a warm, uniform temperature ; this is efiected by the body of 
the sitting bird, and is often facilitated by the presence of naked places 
on the body. As a rule, the mother alone sits, and the male occu})ir^ 
himself with bringing lier food. Not unfrequently, however, as in the* 
Pigeons, Peewits, and many swimming birds, the two parents relieve 
one another regularly ; the male in such cases certainly sits only for a 
shorter time during the day, while the female sits through the whole 
night. In the Ostrich the hmiale only sits during the first period of 
in(nibation ; later the parts are changed, and the male undei-takes 
the chief part of the incubation, especially sitting almost all night. 
The behaviour of numerous Cuckoos, and espet'ially of our native 
species, is very remarkable ; they leave the building of nests and the 
care of their brood to other Birds, and lay their small eggs, singly 
and at intervals of about eight days, amongst the eggs of different 
singing Birds. 

The care and nui-tui’e of the young usually falls entirely or mostly 
on the hen bird. On the other iiaiul, as a rule, both parents take 
an eipial part in the protection of the brood. 

Letiving out of consideration the jictivities wdiich relate to 
reproduction, the instinct of Birds manifests itself, principally in 
late summer and autumn, as an impulse to migrate, and still 
moi*e mysteiiously as a ti*ue guide on the journey. Few birds of the 
colder and temperate climatas pass the winter in the places whei*e 
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they breed {Resident birds; Eagles, Owls, Ravens, Woodpeckers, 
Magpies, Sparrows, Titmice, Grouse, etc.) Many of them rove over 
larger and smaller regions in seaixsh of food ( Stidchvdgd; Thrushes, 
Bi*amblings, and Chafiinches,-Woodpeckei‘s, Yellow Bunting, Finches, 
and crested Lark). Othei-s migrate before the beginning of the cold 
season of the year, w’hen nourishment is deficient, fix)ni the noithera 
climates to the temperate, from these to southern regions {Zugvbyel ; 
Swallows, Storks, Jackdaws, Ci-ows, Starlings, Wildgeese, C-ranes, 
etc.) 

There are but scanty materials for the geologicid histoiy of this 
class. Leaving out of consideiation the feather-tailed 
lithographica^ (fig. 119) of the Jui*a {Snitnmi^)^ the oldest remains 
of the swimming and wading binls belong to the chalk. In the 
teHiary period the remains are indeed more frequent, but ai*e never- 
theless insufficient for a more accurate definition. In the Diluvium, 
on the other hand, numerous types of species still living ai*e found, as 
well as remarkable gigantic forms which have become extinct within 
the historical peiiod {Pahmrnis^ Dhtomis, Palwpteryx, JJidm). 


1. CARIITATJE. 

The sternum has a keel {carina) for the insertion of the power- 
fully developed muscles of flight. Tlie remiges of tlu* wing and the 
rectrices of the tail are usually w^ell developed. Almost all are abb* 
to fly. 

Order 1 . — Natatores (Swtmmino Birds). 

Afjiuitic Birds until short legs often placed far hack ; feet either pedes 
palmati "or }). stegan L 

The form of the body of the swimming Birds varies (ixtraordinaiily, 
according to the special adaptation to tlieir aipiatic habitat. '^Fhey all 
have a thick compact plumage, a very ncli (dothing of down, and a 
large uropygial gland. The legs are short and are jdaced fai* back, 
and usually fejithei*ed as far as the ankle. They caid wdtli swimming 
feet, either pedes pahmiil^ ov fissipalmati^ or stegaaL dlie Natatores 
are all excellent swimmers ; many are strong flyei-s, while others ai-e 

* This gronp, which is allied to the re])tilian genus Cemjmujnatyx (^Ornitho- 
xcelida) is especially charjicteriscd by the fact that the caudal i>art of the 
vertebral column is* as long as the body, and was furninljcd with feathers, 
aiTanged in pairs. Since the metatarsal bones anj not fused, there is no true 
avian tarsometatai'-us. 
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incapable of flight, and are almost entirely confined to the water. 
Most of them also dive with great skill, either shooting down into 
the water from the air or suddenly diving beneath the water while 
swimming. The form of the beak varies as much as does the 
structure of the wings. Sometimes the beak is much arched and 
armed with cutting edges, and sometimes flat and bi-oad; some- 
times elongated and pointed. The foim of the beak is correlated 
with the mode of subsistence ; in the first case we have to do with 

predatory birds, which especially prey 
on fishes, in the last case wdth birds, 
which live on worms and small aquatic 
animals, but also on fishes. The swim- 
ming Birds, \\dth bimd soft-skinned 
beiik, search in the mud and feed 
not only on worms and small tiquutic 
animals, but also on seeds and vege- 
table matters. The NaUitores are 
gi'egjirious, and exist in great flocks 
on the sea coasts or on inland waters, 
but some of them are .also found on 
the high seas, far from land. Most 
of them are migratoiy. They nest 
near the water, often in common 
breeding pbmes, and lay a few eggs 
either directly on the gi-ound, or in 
holes, or in simple, rudely-made nests. 
Many of them are of great iuipor- 
hince to man, pai’tly on account of 
their flesh and eggs, and partly of 
their down and skins, and partly also 
on aci'oiint of their excrements, Avhich ai'e used us manure (guano). 


I 


if 

Fig. H jmfagoiiieu 

(from Hrehm). 


turn. Impennes (I’ciijjains). 'I’hc winjrs arc fiii-likc, without rciniges, covered 
with small soalc-like feathers. The tail is shoi*t, with stiff feathers. The. short 
Kwiinminj;-feet have a retluceil fonvanlly-direct ed hind toe, and arc placed so 
far hack that on land the binly must be carried a Inn »st vertically. They are 
exeellcmt divers. In tlie brecnliiiff seas<»ii they stand uprifrht and airjiiiffed in 
Kmjr roWf'--tbe so-called seliools. They lay only one ejjg in a depression in the 
jrrouud. and keep it in a vertically uprifrht position during incubation ; but they 
can also carry it about burie«l in the down between the legs. B(»tli sexes 
participate in incubation. Ai»ttn(nhjtv9 jmtagimira. Forst.. King-Penguin 
tlig. r><>0); Sphruinanit fJmtrrxUM L., Black -footed Penguin. South Africa and 
America ; Kvihjptcx fhruxofomu L., South Sea, Patagonia. 



OBALLATOBES. 


257 


Fam. Aloida (Auks). The wings are ^ort and ill-adapted for flight. There 
are, however, small remiges. The swimming-feet with rudimentary or without 
hind toe. Their common breeding-places are on the coasts ( Vogelher<je^^ where 
they lay their eggs singly in holes in the earth or in nests, and bring u]) 
their young. Aloa impennis L., Great Auk; now extirpated. A, Umla L,, 
Razorbill ; Mormon arctieus 111. {fraterenla Temm.), Pufflii ; Uria troile Lath., 
Guillemot ; U. (irylle Cuv., Black Guillemot. 

Fam. Colymbida (Divers). The head has a pointed straight beak. The freely 
projecting metatarsus is strongly laterally compressed. The feet are palmate 
f>r flssipalinate. Podiotps cr'intatm L., Great crested Grebe ; P. minor Gm, : 
Colymbun glacialin L., Great Northern Diver. 

Fam. Lamellirostres. Beak broad, deep at the base, covered with a soft, 
richly innervated skin, with transverse lamcllaa on its edges (dcntate<l appear- 
ance), and ends with a nail-like extremity. The feet are palmate (j». paltiuUt)^ 
with rudimentary Lind toe, which is sometimes naked, sometimes fringed with 
mombnine. Phmnicoptvrusi aotiqmrnm- L.. Flamingo, North Africa ; Cygnv^ 
olor Tj.. Mute Swan; C. nnmtog B<chst., Whooper ; Anncr cinereux Meyer. 
Gray Goose; A. hgfirrhorrux L., Snow Goose; -^1. xnjet uni L., Bean Goose; 
Antm hoxrhas L., Wild Duck, the ancestral species of the various races of 
‘lonicstic. diuks ; A. {Tudorna') iadonm L., Sheldrake ; Mergus mrganxer L., 
Goosander; Jf. .syovv/fer L., Redbreast tnl Mci*ganser : M. alhellux'lj.y Smew. 

Fam. Steganopodes. Large swimming biitls. with small hemi, well d(welopcd. 
ofttin long and pointed wings, with swimming feet (^. xtvgani), JHreanm* 
onovrotalns L., Pelican; UalieUR carho, Gormorant ; Tachgpvtvx aquila L., 
Frigate Hiixl ; Suln htmana L., Gannet, North Euroiie ; Phaeton mtlu‘rim L., 
Tropicbiixl. 

Fain. Laridse (Gulls). Lightly built Swallow- or Pigeon-like swimming- 
birds, with long pointed wings and often forked tail, relatively high, thrce-toc'd 
swimming-feet and free hind toe. They dive from the air (St-osstaueher). 
Sterna hirvndo L., Tern ; I^irvx minutux Pall.. Little Gull ; A. ridihundux L., 
Blaekheaded Gull ; L, canux L., Gonimon Gull : Lrxtrix paraxttiru 1^., Skim, 
North German Coasts ; Jthgnchom nigra L., Skimmer. 

Fam. Frooellariidse (Sturmvbgel). Gull-like birds, with rostrum eompositiim. 
Feet palmate, hiiul toe absent or reduced to a stump. They select rocky and 
precipitous coasts for their comimui breciiing-jilaci^s. The* female lays one egg 
and takes turn with the male in incubation, 'fhe young are nurtured for a 
long time. JJionivdra ejtulanx Ti., Albatross, South Si;a ; Procellarku glarialix 
L., Fulmar Petrel, from the Arctic. Seas to North German ( ’oasts ; Thalax.'dilromu 
pelagwa L., Stormy Petrel, Atlantic Ocxtaii. 


tjrder 2 . — Grallatores (Waders). 

Birds with long thin neck and lon>g beak, witk donyated vmliny 
leys {p. vadantes). 

The GraUatores are adapted for an aquatic life, since they have 
to seek theii* food in water, but their adaptations are of a different 
kind to those of the Natatores. They live more in swampy places, 
on the banks of rivers and seas, and wade through shallow water in 
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order to seek snails and worms, or frogs and fishes. They therefore 
possess, with some exceptions, long wading legs, with usually naked 
tibhe projecting freely from the body, and very long metatarsus often 
covered with scales. But few have running legs {p. curaorii) and 
are land birds (Bustards). Some (Rails) are similar in theii* mode 
of life, the shortness of their legs and the structure of their toes, 
to the swimming birds {Natatorea), and swim and dive well, but fly 
badly. Cori*esj)onding with the considerable length of the legs, there 
is a long neck and usually also a long beak. The size and form of 
the beak varies exceedingly. When small worms. Insect larvse and 
Molluscs are sought in mud and loose earth, the beak is long, 
but relatively wetik and soft, and has a sensitive richly innervated 
extremity; in other cases the beak is very stixuig, angular, and 
adapted foi‘ the captui’e of fishes and fi*ogs, and even of small 
Mammals ; and finally in the tiansitional groups befoi*e mentioned 
it is short and strong, like that of a fowl, with a somewhat ai’clied 
cuhma^ and adapted for an omnivorous diet. The feet also present 
great difiei’ences in the size and connection of the toes. The wings 
usually attain a medium size. The tail, on the other hand, is short. 
The plumage is more uniform and simple, and but nirely presents 
beautiful and glittering colours. Most Grallatorea «re migi-atoiy 
birds of the temperate regions, and live in pairs, in a monogamous 
state. Tliey build rude nests on the ground, on the shore, or on 
trees and houses, more rarely on water. The young are sometimes 
(dtricaa, and sometimes pratcocea, 

F:im. GharadriidflB. I’luvors. With lolenibly thick head, short neck, and 
lmrd-i*df:ed beak of mediuni length. OuraorhiK vimipu'ua^C. hahvlUnua M., 
North Afric-ii and South Kuro])e ; OtdienrmvM rnpitaux Tcmin., Stepp(‘s in 
South Europe, Africn ;ind West Asia, also on the great fallow lands in Germany. 
Chaiadnu» jf/iwialix b.. Golden-plover, iuhabits the Tundra; VuncHm vrutatwt 
M.. Toewit, Germany and Holland. 

Kain. SoolopacidaB. Siiijjc. Head of me<liuui size, strouglj’ arched with a 
long, thill, usually soft l»cak. covered with a richly innervated skin. Totanux 
hypolntrm Temm., Sandi»ii)er ; Uvcurviroitt m aroertfa L., Avocet ; Trinya 
chirrra Gni.. Marhrtvx ptnjnao' Guv., Huff ; Svolopa,r rusfirola L., Woodcock ; 
(rti/Jinayo media Gray. Snipe : (». gullimda L., Jack Suijx;; Nunwnhix anptata 
1^., Gurlew. 

Earn. Herodii Ardeidas. Herons and Storks. Large Gratia torex with 
iwwerful body, long neck, and small, partly naked head : beak p(»werful, without 
cere, with sharp hard edges,, sometimes curved at the point, rai-ely spoon - 
shaped. Legs long, and naked far above the intcrtamal joint ; feet usually 
p. rolUgati : hind toe rests on the giound. Ibis rubra Vieill., the seaiiet 
Ibis of Central Amenca. I. rtiigiom Cuv., the sacred Hus; Falaiuellvx 
igur^ix Gray. Glossy Ibis ; Platatra h ucurodia li., Sj>oonbill ; 
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rer Gould ; Ardea cinerca L. ; A. jmrjmrea L., South KuTO)')e ; Owonht 
alba L., Stork ; Myrteria ttPHeyalemth ; heittopt'dm argala Temm., (Marabu) : 
Anaatomvs lamelligrrua Temni., East Indies ; Grua cinerpa Bechst., Common 
Crane. 

Earn. BallidflB. Water-hens, IhiUs. Intermediate between the Natatorvx 
and the GalUnaeei. HttUujt aqnafic^t^ Ia, Water Bail, Northern and Central 
Europe to Central Asia ; 6V/'.r jtrntenxh L., C’omcrake ; ^V. poi*zana L.. 
Europe, Spotted crake : Parra jamna L., America ; GaUnala ohlM'njmH L., 
Moorhen ; FuUca atra L.. Coot. On the reedy lakes and ponds of 
Euroi»c. 

Fain. Aleotoride. Transitional between tht‘ Grallatores and GaUinapei. 




They resemble tin* former in the lenj?th of their lej^s, ami the, latter in 
their mode of life and in the form of their beak. Otw tarda L.. Busbirtl. 
Lives as a migratory bird (Striehvogel) in the plains of South-east Euro]»e, 
with one or two females to e,ae,h male. O. fptrnx L., more in the. South : 
Pirholophv^ prixtatiix 111., (.'ariama [Se,rieina], in Brazil, lives on Lizards and 
Snakes like the SecM*e,t ary -bird <»f South Africa. Pmophin crppitunjt li., Trum- 
peter. South America ; Palamvdpa rttpuata L.. with spurs on the wings. 
Chavna chararia 111., Screamers (fig. fifil). With spurs on the wings. Is 
domesticated, llcccives in German the name of Shepherd’s bird from its use 
as keeper and defender of flocks of hens and geese in South Ameiica. 
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Order 3. — Gallinaoei = Hasores. 

Terre 9 tri(d birds of niedinm and sometimes considerable size, of 
stout build, with short, roumled wings, strong beak, usuaUy arched ami 
bent doumvjards at the point, and with powerful feet adapted for 
perching {jh insidentes), u^wilhj prmcoces. 

The Gallinacei possess in general a stout body with thick plumage, 
small head and pow’erful beak, shoi't or moderately long neck, usually 
short and rounded wings, legs of medium length and well-developed 
tail, composed of numerous rectrices. There are often naked places 
on the head, as well as erec^tile combs and cutaneous folds (wattles), 
the latter principally as distinctions of the male sex. The besik is 
usually short, broad and high, and is characterized both by the over- 
lapping cutting edges and by the depressed extremity of the upper 
beak. Its base is soft and membranous, and covered with feathers, 
among which a memlmimnis or cai*tilaginous scale projects over the 
nasal apertures. The plumage of tlu^ Gallinacei is close and stid‘, 
and often beautifully marked and oriiamentc^d with rich colours anti 
a metallic lustre (male). The tail (piills are usually more than 
twelve in number, and there may be as many as eighteen or twenty. 
The wings are as a rule short and j’oumled, with ten primary rcmiges 
and twelve to eighteen secondary. TJje flight, therefore, is clumsy : 
only the Pteroclahe fly tjuickly and with skilful turnings. Tim legs 
are powerful and short, or of medium length ; they are usually 
feathered as far as the foot-joint, rarely up to the toes. There is 
often a sharp spui*, which serves as .*i weapon, on the metatarsus of 
the male above the hind toe, which is articulated high up. Tln^ 
Gallinacei live for the most part on the ground, citlici’ in forests oi* 
in fields, on grassy j»lains from liigh mountains down to the sea coast. 
They are good runnel's, and seek theii' food on the ground, feeding 
specially on berries, buds and seeds, also on insects and worms. They 
form their rude nests for the most part on the surface of the gix)und, 
or in low bushes ; more rartdy on high trees, and lay a great num- 
ber of eggs. As a rule the cock lives wn‘th a number of hens, and 
takes no part eitlier in the building of the nest or in the care of the 
brood. The young are for the mo.st part pracoces. The hens are 
easily domesticaited, and on account of their t*ggs and their well- 
flavoured flesh, have been made useful as domestic animals from the 
t^irliest times. 

Fain. PenelopidflB. Larj^», long-lejrged O alii nan woll-developed reiiiiges 

and long, rouiidi^l tail, resembling the three-toetl Ostrich in the stnictiire of the 
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protrusible peiiis. Crair aJrrto?' L.. f'urassow, South America ; Urax L., 
L\ gaUata Cuv.. Mexico; Penelope cri*tata Gm., Guan, Brazil; Meleagria 
mexioafia, Gould., ancestral form of M. galloparo, the Turkey. 

Jlcro arc allied the CrypturidsB (Tinamidn). Tinamons, and Opiithocomidse, 
Hoazin. 

Fam. Megapodiidae (Muimd-bii-ds). Lunfr-le^gcd OaUhiaevi, of medium size, 
with short, broad tail and lai^c. stixmgly-elawed. ambulatory foot (jk'S ambula- 
torius), the hind toe of which is articulated at the sjimc level as the frtnit toes. 
Met/aetphaJon wolrn Tcmni., (’elebes: MegtipodhiS tumvlnx. North ICast of 
Australia. 

Fam. PhasianidaB (True fowls). The head is partially bai*c of feathers, 
especially in the cheek region : it is often adorned with coloured combs, cutane- 
oils lobes <tr tufts of feathers, and has a strongly-arched beak of medium length, 
with the point curved downwards. The two sexes are strikingly diflei*ent, the 
male being larger and im u'c richly adonied They aitJ inhabitants of the Old 
World, (iallmhnnhleu Tenim., Island of Sunda ; Lophoplionttt Temni., 

Himalayas : PhaHwmtK eolehu'vn L., (‘onimon Pheasant ; Ph. piefutt L.. Golden 
Pheasjint ; Ph. (^GuUophash^ ngethemerva L., Silver Pheasant, China; Parn 
rrintotux L., Piuieock ; Argun gigtmleun Tcnim., Argus Pheasant, Malacca, 
Borneo ; ymnUht wvletigrh 1^.. Guinea Fowl, North Africa. 

Fain. TetraonidsB. The body i.s stout, tlie neck short, the head small and 
featln'red, with at inost.one naked stripe aliove the eyt‘s. The h?gs are short, 
and are usually feathered down to the toes. Tetruo vrogalhtn L., ( 'ajicreally ; 
T. tvtrix L., Black Grouse. The bybrvl between these two species is called 
7’. viedivn, by Mt‘yer. T. honanUi ii., Ifazel (irouse; Lagopux alhun Vii'ill., 
Willow Givmse, Sc,andinavia ; L. alpinna Nilss. ; Per/lrix cinrrr/t, Briss., Par- 
tridge : P. suxafilin ; P. rvhru Temm.. Bed-leggi‘d Partridgi* ; (yurnix 

(Ifirtglinonuths Moyer. Quail. 

Fam. PteroclidBB (Sand-gnmse). Small Gitllhmrn, with small bead, short 
beak, short, weak legs, long-^jointed wings and wedge-shaped tail. Fei‘t with 
short toes; hind toe when presmit rudimentary and attached high up; it may 
be absent. Pfernrlen alehata Gray, in Asia .Minor ami Africa; Sgrvhnpt.rn 
/hiraflo.ruM Pall., in tlu- steppes tif Tartary, ami lately in North Gm-many. 


Onlor 4. ( (Pi(iEoNs). 

JUnlo leith irpdh .soft henk, .swollen ronnd the. misal ujnirtnre.tf, with 
point&f wimjH of noul tom ami nhitrt cloreo feel (^jte/les fissi). The 

Hvnng are alfrice.s. 

The Colnmhime an* ino.st nearly allied to the PterocHdte. I'hey 
are of medium size, with small Jietid, short neck and short legs. The 
heak is longer than in tJie (jlaUinacef hnt weaker, and gently arched 
at the honiy, somewhat turned- up extremity. At the base of the 
heak the scaly eo\er of tlie na.sid openings is s\\(>ll(*n, naked, and 
membranous. Tlie rather Jong, pointed wings enable the bird to 
fly (piickly and skilfully. Tlie tail is weak and ronndeil, and contains 
usually twelve, rarely fourteen, or sixteen recdrices. 
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The stiff, beautifully coloured plumage lies smoothly on the body, 
and presents hardly any difference in the two sexes. The short legs 
are unfitted for rapid and constant locomotion. The feet are cloven 
{p.Jisai) or ambulatory (p. atnhidatorii), and the well -developed hind 
toe rests on the ground. The Columhinm have a paired crop, which 
at the breeding season in both sexes secretes a creamy fluid for the 
nourishment of the young. They are distributed over all parts of 
the world. They live in pairs or in flocks in forests, and feed almost 
exclusively on gmin and seeds. The species which live in the north 
are migratory (Zugvdgel) ; others make short migration (Strichvdgel), 
while others ai*e resident birds. They live in a state of monogamy, 
and lay two, rarely thi*oe, eggs in a rudely-constructed nest. Both 






/ 



Fui. 062.— CoIniNhft JirUt (jiftor Namuiniii). 


sexes take part in hatching and bringing up the young. The young 
leave the egg almost entirely naketl, with cIoschI eyelids, and, as 
altnces, rtxjuiro the care of the mother* for a eonsi(l(*r*able time. 

b'lim. ColumbidsB. The beak, with smooth edges, never dentuted. (Wumha 
lirla L., Rock- Dove (fig. 6G2). Slah'-blue, with white wiiig-eovcrts and 
two bliick i)ands on the wings and tail. It is the ancestral form of the 
nuiiKM'ous races of domestic })igcoii. It nests on rocks and ruins, an<l is dis- 
tributed fr«)m tlie coasts of the Mediterranean over a great part of Europe and 
Asia. (\ (^Palumhtrnait') a’nmt L., Stock-Dove ; PaluiHhua iorquatm. Leach, 
Ring-dove ; KetthpUten mitjraioriux L., Passmigcr 1‘igeon, North America : 
Turtur auri/un Rp., Turtle-Dove; T. rhoriua Sws. ; Goura twronata. Klein., 
Now Guinea. 

Fam. Didunonlidae. Reak compressetl. lower jaw dciitated, with hooked 
extremity. IHtI uncul uft atrnjlrotstrU Gould, Samoa Islands. 
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The extinct Dodos (Ineptse) wei'e allied to this last family, and 
have been placed among tlie pigeon-like birds. They were living in 
Vasco di Grama’s time on small islands on the East Coast of Afncji 
(the Mascarenes), and were still plentiful ; they became extinct two 
hundred years ago. As far as we can judge of the appearance of this 
bird from the preserved remains (in [London] Oxford and Copenhagen) 
of skulls, beaks, and legs, and from the old descriptions, and especially 
fi'om an old oil painting preserved in the British Museum, the Dodo^ 
Didm ineptm L., was an unwieldy bird, larger than the Swan, with 
lax plumage, powerful, four-toed, scraping feet, and strong, deeply- 
cleft beiik. 


Order 5. -Scansobes. 

Birds with 2>owerf III beak, stiff plnuvige having hut little down, and 
scansorUd feet. The gomig are altrices. 

Within the artiticial limits of this order is included a number of 
groups of very diiierent birds which tissentially agree only in the 
structuro of the feet, which are adapted piincipally for climbing ; 
they pi'eseiit, however, (jonsidemble dilferences in the manner of 
locomotion, and find their nearest allies in several families of Passeres, 
The beak is always powerful; it is sometimes long, stmight, and 
angular, adapted for hammering and el iiseling on trees (Woodpecker) ; 
sometimes short and curved like a hook (Pairot), ot* of colossal size 
and with den tilted edges (Touciin). The legs end with long- toed, ' 
sciinsoriiil feet, tlie outei* tov; of which win in some wises be directed 
forwjird. The metatiirsns is seldom feathered, more frequently beset 
with semirings tind scutes in front and small scales behind. The 
wings contain very genei-ally ten primaries. The tail is sometimes 
used as a support in climbing. Most of the Scansores inhabit forests, 
nest in hollow trees, and feed on insects, some of them, liowevei*, on 
small birds, iind others on fruit and vegetable matters. 

Fam. Bamphastide (Toucans), llavcn-like birds, with co](jssal, marginally 
serrated beak, and horny, brush-like tongue. Hamphatifui^ toco Ti. ; PtenufUnHM 
Aracari 111. 

Fam. Trogonidae. Beak short and strong, with usually serrated edgi's and 
wide, slit-like mouth, with bristles at the eorner of tlie mouth. The plumage of 
the male has a metallic lustre. Trngon curucui L., Brazil ; Cidurnu rtHjtUndvns 
Gould, the Quesal, in Central America. Here are allied the dacamar {^Galhnlu) 
and Puff-bird (Jiucco). 

Fam. Cncalidae ((luckoos). With gently-curved, deeply-cleft beak, long 
pointefl wings, and wedge-shaped, pointed tail. The feet are scaiisorial, and 
the outer toe can be directed forward. Cuculm vanorng L.. European Cuckoo, 
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sparrowhawk-like, with barred plumage ; (hecystes glanddHm L., 'Great Spotted 
Cuckoo of South Europe. 

Here are allied the Xusophagito (Plaintain-eaters). Corythaiae perm L., 
Guinea ; Mumphaga violaoea Isert, Plaintain-eatcr, West Africa. In Colins 
the outer and inner toes can be turned backwards or forwards. 

Fam. PioidsB (Woodpeckers). l*owerfully-built 8i)ansore8, with strong, 
chisel-shaped beak, pointed in front, without cere. Metatarsus with trans- 
verse scales ; feet with strong claws ; with firm tail. The tongue is long, flat 
and homy, and bears at its end arrow-like, short, recurved hooks ; it can be 
rapidly protruded to a considerable distance in consequence of a peculiar 
mechanism of the hyoid bone. The cornua of the hyoid are bent into wide 
arches, and extend over the skull to the base of the beak. Pi&us m-artim L., 
lllack Woodpecker, Europe and Asia ; 1\ major L . ; P. nmlins L. ; P. (^Pwnlus) 
minor L., Tjesscr Spotted Woodiiecker, Europe ; P. tridactylus L. ; P. viridis L.. 
Green Woodpecker ; P. canus Gm., Greyheaded Green Woodpecker ; lyna^ 
toiu/nilla L., Wryneck. 

Fam. PsittaoidflB (Parrots). Hcansorcs of the warmer climates, with stout, 
sti’ongly-bent beak, fleshy tongue, and powerful legs with short metatarsus. 
The feet, with toes arranged in jiairs, arc used like a hand to seize the food. Tlie 
upper beak, which is dentated and covered at its base by a cere, is articulated 
with the frontal, and its long hooked extremity overlaps the short and broad 
low er beak. Most of the Pari'ots belong to America, many also to the Moluccas 
and Australia. A few are found in Polynesia, New Zealand, and Africa. 

PliotoUphiniB, ( Cockatoos. Head usually with movable crest. Phctolopkus 
leiworepfialns Less, ; Nymphimts N'ovw IloUamlice Gray ; Calypforhynelivs 
galeatm Tiath., Van Diemen's Land. 

Platyceroinfr. Parrakeets. With moderately pointed, rarely rounded winf, , 
and long, graduated, wcdge-.shaped tail. Sittaoe militark L.. Maccaw\ Mexico: 
Palmornis Alexandri L., (’eylon ; MelopsUtaens vudulatvs Shaw’ (VVellenpa- 
pagei), Australia; Pvzopoi’vs fonnosns Lath., G round- Parrakeet, Australia: 
PhtyeurrMs Prnmntii Lath., Australia. 

Psittavinm. Tail truiicalcd, or rounded. Psiftaevs vritharvs L., Grey Parrot. 
West Africa ; Psittacula passerino I..., Jiove-bird, llrazil. 

Wchoghminoi. Lories. 'Khc tiji of the tongue is pencil-shaped, with feathery, 
horny papilhe. Trivhoglossns papurnsu L., New Guinea ; Nrslor mpridionaliit 
L., New Zealand. 

Striif ophite . Kakapos. > Of owd-like appt'arance. wdth incomplete feather-disc. 
Strlgops haf/roptilns Gray, New' Zealand. 


Order 6.— Passekes (Insessores). Passerine Birds. 

Birds with Itornif beak, without cere. Metatarsi covered with 
laminoi, or scales. The feet are pedes ainhulatorii, p. gressorii, or 
p. adhaiimutes. 77^6 young are altrices. A vocal apparatus vnth 
muscles is frequently present. 

The birds included in this large order are of small size, and present 
great diftei'ences in the form of their beak; they fly exceedingly 
well. When on the gi*ound they hop, or more rai-ely walk, and 
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they remain by preference on trees and in bushes. They ai-e usually 
divided according to their vocal appamtiis into two orders — the sing- 
ing birds or Oscines, and the shrieking biids or Clamatores; a 
division which seems the more aititicial bec^ause the stime types of 
form of beak and of the whole structui*e of the })ody are repeated in 
the two groups. An arrangement based on the form of the beak 
might lead to less artificial groups. By far the greater numbei* of 
Passeres live in monogamy, often united in large Hocks. Many of 
them build skilfully-constructed nests, and are migi'ittory. 

Tribe 1. Levirostres. Clamatore»^ w’ith laige, but light beak, short, 
weak legs, and gressorial or fissate feet, which are adapted for cling- 
ing to branches. 

Fam. BuoeridBB (Ilornbills). Raven-likc binls. of considerable size, witli 
colossal, but always light, deiitntcd, and dowiiwardly-ciirv'cd beak and honi-like 
head-dresa at the base of flic iippei’ beak. Jiurorvm nhysxlnivKg Gra. ; 
rhinoceros L.. Sumatra. 

Fam. HalcyonidaB (Kingfishers). Paxxrrcs, with large head and long, keeled, 
angular beak, relatively shiirt wings and short tail. Metatarsus shoit ; feet 
gressorial. Alcedo isyidn L., Eumpe ; Cenjle Black and white King- 

fisher, Afri(ja ; Darclo giyax Olog., Australia. 

Fam. Meropidae. Bcc-caters. The beak is compressed and gently curved 
downwards. The plumage is variegated ; the legs are weak. The wings arc 
pointed, with long coverts. Merojix a piaster L., South 

Fam. Coracidae. Hollers. Large, beautifully coloured birds, with deeply-cleft 
beak with sharp edges and rc<*arved extremity. Tlu* wings arc long and tlio 
feet cloven (^p. Jissi). Coravins (farm! a L.. Holler. 

Tribe 2. Tenuirostres. Vlanmtores and OhcIups with long, thin 
beak and uinbiilatory or cloven feet (^>. amhidalorii or Jiani), with 
long hind toe. 

Fain. TTpupidae. Hoopoes. Hcautifully coloured (Maniatcires with long, 
laterally c,oni pressed beak : short, triangular tongue and long, strongly rounded 
W'ings. Upupa epops J.,.. Iloopot;. 

Fani. Trochilidae. Huinining birds. The smallest i»f all birds. Variegat(‘d 
])lumage with metallic lustre. Slender feet (//. amhvUttorii or Jissi). 
long, awl-sbaped beak lias, in cons(!quence of the prni(*eting edges of the iipjMM* 
beak, the form of a tube, from which the long tongue, which is cleft up to tint 
root, can be rapidly ])i-oj(*etctl. Ithamphodon nwrivs J^es^.., Brazil ; Pharthornis 
supercilwsus Sws.. Brazil ; Trorhilus colahris L. : L^phornix vtat/nijica l*p.. 
Brazil. 

Fam. Meliphagidae. Honey Mu*kers. Small, beainifully enloured binls, of 
stout build, with muse.ular vocal appamtus, with long geutly-eurved beak, long 
metatarsus, wings of medium length and long tail. MtUphnaa aariromis Sws., 
Australia ; Nrctariniu fanwsa 111.; A'. (^Cimujris) spinal ata thiv., South Africa. 

Fam. Certhiidae. Trijc-eroepei’K. Oseinrs with long, siightly-eui-ved beak, 
{lointed, horny tongue, metatarsus covenid with scales, and long hi ml toe with 
a sharp claw, ('orthia familiar is L.. (’ommon creeper; Tichoilroina mvraria 
111., Wall creeper. 
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Tribe 3. rissirostres. With short neck, flattened head, and 
deeply-cleft beak, with long, pointed wings and weak feet ambit- 
latorii or iidha/incmtea). They all fly with rapidity and dexterity. 
They catch their food, especially flies, Neuroptera and butterflies, 
during flight with open beak. They live for the most part in 
warmer climates. 

Fam. HimndiiLidn. Swallows. Small, dclicately-formcd OHcinea with broad, 
triangular beak, compressed at the i)oiiit. nine i>rimary rectiices and long, forked 
tail. They are distributed over all parts of the eartli, and construct their nests 
with skill. The European species pass the wdnter in Central Africa. Hirundo 
L. Beak short and triangular ; metatarsus naked. The first and second remiges 
of equal length. II. ruKtica L., Swallow. II. (^ChdUhm Boie. with feathered 
metatarsus) urhica L., Martin. II. Boie. The nasal apertures free, the 

tail slightly excavated and moderately long) riparia L., Sand Martin. Nests 
in holes in the earth, which it digs for itself in banks. II. ntjfctttrijt Scop., 
Crag Swallow, South of France. 

Fam. CypselidsB. Swifts. Swallow-Iikc Clamatorcs, with narrow wings 
curved in the form of a sabre ; short f'*athcred metatarsus and strongly clawed 
feet (jwfleif tiflhumintfiif) \ sometimes with inwardly directeti hind toe 
(Momlia raculnda Ij., (Salarigane), East Indies ; Cupttelus apvn L., Swift ; 
C. nu'lha L., Alpine Swift. 

Fam. CaprimnlgideB. Coatsuckei’s. Chimatcreft, with short, uncommonly fiat, 
triangular beak. Their size varies from that of a lark to that of a raven. 
Plumage soft, owl -like, and of the colour of the bark of trees. The legs are 
very weak and short. Hind toes half turned inwards, but can also be turned 
forwards. The middhi too is long, and sometimes has a serrated claw. They 
live for the most part in forests, and f<*eil especially on moths, which they catch 
in their oi>en mouth, during their swift, silent flight. As a ride they lay two 
eggs on the bare ground, without even scraping a hole for their reception. 
(hprinmlgua L., the buccal slit extends to cl<»se below the eyes. Edge of beak 
not dentatod, is fringed with stiff bristles. C. wropmiK L. ; (\ I’vfiroUu Tcmm.y 
Spain. 

Tiibo 4. Dentirostres. Principally Oschies with variously-sliaped, 
often thin and point(»d, sometime.s slightly ciii'ved beak ; upper bejik 
is moi*e or less notched at tlio pf)int. Tn the wings, which are of 
medium length, the first of the ten primary remiges is reducetl, and 
may be entirely absent. 

Fam. Corvidae. Beak strong and tliick, somewhat eurved anteriorly and 
slightly notched, f roraur L.. Haven : C. rornij* L., Hooded Crow ; C. 
voroHv Ij., ('arrioii Crow ; (\ frugilrguit L., Rottk : C, mmunlula L., Jackdaw ; 
Ph'tt eandaia Ray, Magpie ; Garrulun gUindarlu^ I.., Jay; Orlolm galhula L., 
(lohlen Oriole. 

Fain. Paradiseidae. Birds of Parmlisc. With slightly curved, compressed 
beak. Feet very strong and toes large. The two middle rectrices are often 
elongated and filiform, with small vane only at the extremity. Male with 
tufts of lax feathers at the sides of the biMly, and also on the neck and breast. 
Parndii<m apnda Ij. ; (^biohitiuruit regim L., New’ Ouinea, (fi” 
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Fam. StnrnidsB. Starlings. OxcincK with straight or slightly cuiwcd, sti-ong 
heak, the point of which is rarely only slightly notched, without lictal vibrissw. 
Sturnm mlgarU L., Starling : Pastor rom ux Tcmm., Rose-coloured Starling ; 
Buphaga africam L., Oxpeckcr. 

Here are allied Pipra anrtola L., Cayenne; llupicola crocca B])., Cock of the 
Rock, South America, and the Gotingidas. 

Fam. Laniida. Shrikes. Large, powerful Oxoinrx with hookeil. strongly 
serrated beak, strong rictal vibrissse, and tolerably long, sharply clawed feet. 
Lanius meenhitor L., Grey Shrike ; L, minor J^., Ijosser Giey Shrike ; L, rofnx 
Briss., Woodchat Shrike ; L, coUtirh L., Red-backed Shrike. 

Fam. MuBCioapide. Flycatchers. Beak shoil, broad and depress© I at- tin; 



Fig, lii'iM, — C'nK inMuriiH rtyian (insiU’ uiul femtile). 


base, somewhat compressed anteriorly, with hookrd eurved j)oiiit . Mnxricapti 
grMa L. ; M. alriea])iUu L. : J!/, rollarix Bechst.. {ulhicoUix) : Jiomhi/cilla 
garnila L., Wax wing. 

Fam. Paridfls. Titmice. Small, beautitully coh)iired. and very agile Oxcimx^ 
of stout build, with sharp, short, almost conical benk. Panin major L., Great 
Titmouse: P. atrr T^., Coal Titmouse ; P. cerrvlrnx 1.,, Blue 'ritniousc; P. rrijt’ 
tatuM L., (Vested Titmouse : P. palvxf rix L., Marsh 'I'itiuoiise ; P. ratiflaiVM L., 
Long-tailed Titmouse; Aegithalux jtrndnliituit L., I'eiidulinc Titmouse; Sitia 
mropwa L., Nuthatch. 

Fam. MotaciUidee. Wagtails. Slender Isnly ; lieak tc«l«*rably long, and 
notched at the point. AhUvhx praivnxix Bechst., Mcadm^ Pipit : MofariUn 
alha L. ; A/, //rtra L. ; M. xnlphura Bechst.; Aornitor alpinun Bfirhst., ,M]>ine 
Accentor. 
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Fam. SylTiidsB. 8maU Oscinett, with thin and pointed beak and mctatarflus 
covered with Rcalen in front. Sylvia niwria Bechgt., Barred Warbler ; 8, 
atricapilla Lath., Blackcap; Phyllopmmte. hypolau Bechst.; Troghd/ytes 
parvulvit Koch, Wren ; B^gvlust criHatus Koch ; R. ignicapilltM Naum., Fire- 
crested Wren. 

Fam. Turdid&B. Thrushes. The beak is tolerably long, somewhat compressed, 
and slightly notched before the point, and furnished with vibrissie at it« base. 
The metatarsus is long, and covered with an anterior and two lateral scales, 
lamini plantar. Oinelv^ agvaticus Bechst., Dipper ; Lmvinia pliilompla Bechst,, 
Thrush Nightingale, large nightingale in East Europe; L. luftchiia, L., Night- 
ingale ; L. mwcica L., Blue-throat ; L. ruhicvla L., Robin ; Turdm pilaru L., 
Fieldfare ; T. mmicm Tj.,. T hrush ; T. ilmcux L., Redwing ; T. toripuitu^ L., Ring- 
ouzel ; 7’. mevula L., Blackbird ; T. mxatilU L., Rock Thrush ; T. migratorim 
L., American Robin ; T. cyanmt L., Bine Thrush. The Ijyre-bird (^Menura 
ftyperha^ Dav.) — a large bird found in New Kolland — is allied to the Thi’ushcs 
in the form of its beak. 

Tribe 5. Conirostres. Oscines of Riiiall size, with thick head and 
powerful, winittil beak, with short neck, wings of medium length and 
ambulatory feet {p, amhalcitoHi). The metatarsus is short, and is 
covered with stales in front. They feed on corn and seeds, berries 
and fi'uits, but do not despise insecjts. 

Fam. Alaudidas. Larks. The plumage is earth-coloured ; the beak is of 
medium length, the wings broad and long, an<l the tail short. Alauda arrvn»U 
L., Skylark; A. avhorca L.. Woodlark; A. rrhtata L., Crested Tjark ; A. 
alpcxtrix L.. Shore Lark ; A. valamlra^ Calandra Lark, South Europe. 

Fam. FringillidsB. Finches. With short-, thick, conical licak. without notch, 
but with a basal swelling. JCmheriza vitr'nivlla li., Vellow Bunting ; ItJ. cia Ti., 
Meadow Bunting ; R.nhutlh Ij.. Snow Bunting ; Fringilla vtxlvhx L., Chaftineh ; 
F, sptnvx L., Siskin ; F. eardnelix L., Goldfinch ; Paxxei' domcxticnx L.. IIousc- 
Hpnrrow ; P, moytanv* L., Trcc-spaiTow ; (Wrol hravxtvx rulgai-is Pall., Haw- 
finch ; Pgvrhvla vulgaris Briss., Bullfiiudi ; P. Cfniaria L., Canary ; Loxia 
rvvrivoxfra (Sin.. Crosshill. 

Fam. PloceidaB. Wi^aver-binls. Build ]mrsc-shapi‘d nests. Live in Africa, 
East India, and Australia. Plorrvs frivtor (ilray ; /V. sorius (Smy. 


(3rder 7. Uactatorks (Birds of Prey). 

Powerfully -Imllt birds, with cu/rved beak, hooked at the extremity, 
and strongly clawed feet {p. insidentes). They feed principally on 
vm rm - blooded animals. 

The Jlaptatores are cdiimieterised by ilieir powerful build, by the 
high development of their sense organs, and by the special develop- 
ment of their beak and of the armature of the feet, by which they 
are tilted for their peculiar mode of existence. The compi’essed root 
of the beak is co veiled by a soft cere, which surrounds the nasiil 
apertures. The cutting edges, and the hooked and downwardly- 
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curved point of the upper beak are always hard and homy. The 
strong toes, of which the outer can be tui*ned backwards or forwards, 
are always armed with powerful claws, which are admirably adapted 
for the seizure of prey. The feet are p, insideiites^ and are feathered 
to the intei*tarsal joint, rarely to the toes. Before the digestion the 
food is softened in the crop, from which the feathers and hairs rolled 
together in balls are eje('.ted as the “ castings.” As a laile the female 
alone incubates, but the male assists in procuring food for tlie help- 
less young. Some genera of Owls and Falcons are cosmopolitan. 

Fam. Strigid8B. Owls. With large, anteriorly direcU'd eye-^, wliicli arc* sur- 
rounded by a circle of stiff ftisithers, sometimes in a veil-like manner ; with 
strong, hooked beak, bent downwards from the base. The cai* has usually a 
membranous operculum and external cutaneous fold, on which the featluirs may 
he grouped, so as to give the appearance of a (.‘oncha. Str'u'. Jfamnifa L., Harii 
Owl (fig. 664) ; Syniiuni aluoo L., Tawny Owl ; rulffarh L., I.ong-eared 

Owl ; 0. hrachyotvx (Jni., Short-eared Owl ; Jiuho nmxbnuit Sihb., JOagle Owl; 
EpliialteH »copg Ij., Sco])s Owl, Stmth Kuroi>c ; 

Svmia parser ina Bias.. Sparrow Owl ; Xyctm 
nirea Daud., Snowy Owl. 

Faui. Vultnride. Vultures. Ilaptatort» 
of large size, with long, straight lu^ak, only 
beiit downwards at the tip. Nares often 
pervious Head and neck 

often in great iiart- naked. 1'Iie head soiin*- 
times bears lobed appendages ; the }iec,k is 
often surrounded by a collar of (h)vvn and 
feathers. Savcorhavtphu^ {/ryplnat lieoffr., 

Condor; S, papa Dum., King-Vulture. South 
America ; Cathartvs aura 111.; (\ airatun 
Baiid, Turkey Ihizzard, South America; Neophron prrcuoptrnin Sav., ICgyptian 
Vidture; Vultor vinvrruK Cm., South Europe; GypK fulntx Ihiss.; Gypmtm 
harhatim Cuv., Liini merge ier, Soutli Europe. 

Fam. Accipitridas ^ FalconidaB. With shf»rtcr and usually dcrdatiul h ik, 
feathered head (rarely with naked cheeks) and neck. Metatarsus of mcwliiim 
length, and sometimes feath(ucd. 

Aquila ohrymeftnt L., Golden Eagle, S<juth Germany; //. hupvr 'iaHa Kais. Bias., 
Imperial Eagle, South Europe: A.fuLva M.W,. Golden Filagle, Tyrol ; .1. narrio 
Briss., Spotted Eagle ; JJaliaebot alhicilla Bliss, {ongifrayvit L.). Sea Eagle, 
Europe, North Afiica ; Pa/alion fialiavfox^ Cuv., Osprey, Nortliern liemiH})lien;. 

Milvui( reyalbt Briss., lied Kite*. Seizes its prey from other birds, and 
only takes small animals — as liam.ster-rat.s, moles, and mice; d/. ////.'/• Da nd., 
Black Kite. 

Buteo eulgarut L., Buzzard : li. layopm L.. Hough- legged lUizzard ; Prrnijt 
apieoruft Cuv., Honey Buzzanl. 

A«tur palumharinx L., (loshawk; Ni«vs coonounix Cuv., Sparrowliawk. 

FaUso tinnunculux L., Kestrel : F. pereyrinus L.. B'Tegrin<!-faleon ; F. vandUlm 
Gm. = yyrfalco L.. .ler-falcoii. 

Cirrug rofuH Ia. {pRrvyinoitux'), Marsh Harrier; C. ryanrux f... Htm Harrier. 



Fkj. lifik - Head of Strixjluinmea . 
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Fam. Gypogeranidee. Slender body, with long neck, long wings and tail, 
and much elongated metatarsus. Beak with extended cere, laterally compressed 
and strongly curved. Gypogeranvft HerimitarivK 111., Secrctaiy bird. Flies 
badly, but runs well ; preys on snakes in Africa. 


11. BATITiE. 

Birds incapable of fliglit, without stemal keel, and without liriu 
remiges or rcjctrices. 


Order 1. -OuRSORES. 

Hatitw of con^ideraLle bodij with three-toed or exceptionally 

with two-toed, cursorial feet. 

The Osti’iches, which are the lai'gest of li\ ing birds, possess a broad 
and flat, deeply-slit beak with a blunt point, a relatively small, in 
part naked, head, a long, slightly feathered iiec^k and long powerful 
cursonal legs. Besides the reduction of the wing-bones, there are 
other iieculiarities of skeletal stmeture which charat'terise these birds 
as being exclusively cursorial. Almost all the bones are heavy and 
massive, with much rediiced pneumati(*ity. Tlie sternum has the 
foiin of a broad, slightly arched plate, without any trace of a keel. 
The (?lavicle also is undeveloped, and the uncinate processes of the 
ribs are rudimentary or entirely absent, llie plumage covers the 
body wdth tolerable uniformity, «*xcept that there ai*e naked plactes 
on the head, the neck, the extremities, and the abdomen ; but does 
not present any regular ai’iungement of ; it approximates in 

its spe(*ial structure to the hairy covering of Mammalia (Cassowary). 
While the down is much reduced, the contour-feathers have a more 
down-like a.])p«ii'ance on account of their flexible shaft and lax vane, 
or they may be .stiff and hair-like with setiform barbs, or sometimes, 
as in the wings of the Cas.sowary, they are spine-like. 

Fam. StruthionidsB. Two-toed 0.st riches. With naked head and neck, 
])ubic symphysis and long, comj)letcly naked, two-toed legs. They inhabit the 
plains and deserts of Africa. They live in companies, and are polygamous. 
iStruthio ctnmdvs Tj., Ostrich. 

Fam. Bheidao. Three-toed Ostriches. AVith partially feathered head and 
neck, and three-toed feet. They inhabit America. Ilhia americana Lam.. 
Hlica. 

Fam. CasuariidaB With high, almo.st compi'cssed Ixiak, and usually a helmet- 
shaped, lM>ny knob on the head, with short neck and tIirec-l.oed legs. Drtmtru* 
AAw HoUandav Gray. Emeu, Australia ; Casvarius Vieill., Cassowary, 

New Guinea [Ceram \ 
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The reduction of the wings in terrestrial bii*ds is not contined to 
the Ostriches ; but is also characteristic of a number of very stningel} 
organised forms which differ so much from each other that they 
deserve to be sepai*ated into several orders. These bii*ds belong 
principally to New Zealand ; also to Madagascar and the Mascarenes. 
iSome of them are extinct, but have only become so within historic 
times. 

In the uninhabited forest regions of the north island of Nism 
Z ealand there still lives, though giiidually appi-oacliing extinction, 



Pu;. (J66. —Aptergx OwcmU. 


an extremely remarkable bird — the Kiv^i (Apter3rx Mantelli Aus- 
tralis »Sliaw), which is sometimes placed among tlie ostriches and 
called the Dwarf Ostrich. A second spfxies of the same genus (yl. 
Oioenii) belongs to the south island, wliich another larger foi ni 
(lioaroa) is siiid to exist, and has been distinguished as a third species 
{A. maxima. Verr.). These birds (Apterygia), wliicli are about the 
size of a large hen, are entirely covered with long, hair-like feathers, 
w'hicli hang down loosely and completely hide the rudimentary wings. 
The short, powerful legs are covered witli sesdes ; the three antenoi*! y 
dii'ected toes are aimed with claws adapted fur scrat<*hing; the hind 
toe is shoi't and raised from tlie gi’ouiid. I’hc* hea<l, whicli is borne 
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on a short neck, is prolonged into a long and rounded, snipe-like beak, 
at the extreme point of which ai‘e the nasal apeHures. The Kiwis 
are nocturnal birds, which by day remain concealed in holes in the 
oarth and go out at night to seek their food. They feed on insect- 
larvse and worms, live in pairs, and at the breeding time, which seems 
to come twice in the year, they lay, in holes scmped in the earth, a 
strikingly large egg, which according to some is incubated by the 
female, and according to others by the male and female in turn. 

A second group of terrestrial birds of New Zealand, which ai*e 
incapable of flight, includes a number of forms which are in great part 
extinct, and some of which attained an enormous size (up to ten feet 
high). These are the Dinornithidee. Of heavy, unwieldy build, and 
incjxpable of raising themselves from the ground, they were unable to 
resist the pursuit of the natives of New Zealand. The remains of 
some have been found in the diluvium, and in some cases the bones 
appear so recent, that it cannot be doubted thsit tliey co-existed with 
man. The tiaditions of the natives about the gigantic Moa, and 
numerous discoveries of the .fragments of eggs in graves, also point 
to the fact that these gigantic birds have lived in histoiic times ; 
while, on the other hand, recent discoveries liave rendered probabl»‘ 
the (‘xistence of smaller species at the present day. Recently in the 
exj)loration of the mountain cliains, between the Rewaki and Tabaka 
rivers, the foot])rints of a gigantic bird, the bones of which were 
alretidy known from the volcanic sand of the north island, have been 
discovered. The restoration of the skeleton of gigantic species 
i^P(dapteri/.r. imjensj JHnornif/ t/iyanleiiSj elephantojma, etc.) has been 
partially effected from the bones wliich have been collected. A 
skeleton of Dinornia dephautop^ut is in the Biitish Museum, and 
one of /^ inyena has been set up in Vienna by llochstetter (Voyage 
of the Novara). In Madagascar pieces of the tarsal bones of a 
gigantic bird liave been found in the alluvium {^Epyonua maximiis 
— the Reek of Marco Polo), and well-preserved, colossal eggs have 
been discovered in the mud, the contents of which would have been 
etpial to about 150 hen’s eggs. 
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ClIAPTER IX. 

Class V.— MAMMALIA. « 

Warm-blooded, hairtj animals with double occipital coiulyle* They 
are viviparous and. suckle their youmj with the secretion of milk 
{piammary) yhmds. 

As opposed to Birds, Mammals are adapted, by tlie similar struc- 
ture of the two paii’K of extremities, to live principally on land. 
There are, however, in this class also forms which aiv» fitted in 
various degrees for an aquatic life, and even live entirely in water, 
and agiiin forms which move and find their food in the air. 

The surface of the skin is mrely quite smooth as in the Cetacea, 
hut is tMJvei*sed by numerous curved, spiral, and partly crossing 
furrows, and in many places (sole of foot, ischial callosities) is thick- 
ened and indimited, so as to form firm, horny plates. 

The haiiy covering is to Mamina lia (named “ Jfaarthiere by Oken), 
wha-t the plumage is to Birds. Hail’s are never entirely absent; 
even the huge aquatic foi'iiisand the largest of tli(< tropical terrestrial 
spe(‘ies which seem to bi< naked, jnissess liairs on certain pai’ts of the 
body ; e.r/., the Cetacea have short bristles, at least on the lips. Hairs, 
like feathers, are epidermal structures (fig. (>(>0.) The bulbous root is 
placed on a vasc’ular papilla {pulpa), at the bottom of a pit, which 
projects into the cutis and is lined by ejiidei’uial cells (hair-follicle) 
while the upiier part, or shaft, projettts freely on the surface of the 
skin. Two kinds of hr.irs may be distinguished, according to thc^ 
strength an<l rigidity of the shaft, viz., contour hairs and w(K>lly 
hairs. Woolly hairs are delicate and curled, and suri’ound in larger 
or smaller numbers the bjiso of each contoui’ hair. The finer arrt 
wanner the fur, the more numerous are the woolly hairs (winter-fur). 
When the contour bail’s ha\'e a gi’cater strength tliey becrome bristles, 

♦ .Job. Ch. I). V. Sebreber. ’‘Die SiiujxutliiLTo in Abbibiaaycn Jiacb dcr Nulur 
init lk;scbrci))uiij?(!ii, tbrtgcsetzt von Job. Arab-. Wagner,” Ibl. L — VII., uinl 
Suppl. I. — V. KTlangcn und htniizig, 177r> — 18.'.“. 

K. G. St. Hilaire et Fred, ('uvier, ” Ilistoiri' naturelle des Mainmifercs,” 
Paris, 1819—1836. 

C. J. Temmink, “ Moriognipliie <le inaminalogif.” Leiden, 1825 — 1841. 

R. Owen, "Odontography,” 2 vol. Ltaidon, 1840 — 1845. 

Rlasius, “ Die Saugetbiere D(mts<!hland.s ” 1875. 

G. Giebcl, " Die Siiugcthiere in zoologiscb-anatoiniseiier und pnliiontologiscbes 
Hinsicht.” Leipzig, iSoO. 

A. E. Rrebm, ** lilustrirtes Thicrleboii” I.. II., un»l I IL 

And. Murray, ‘’The Geograpiiical Distribution of Mfimmalia.” London, 18<K). 

VOL. II, 18 
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and when still stronger and thicker they constitute spines (Hedgehog, 
Porcupine.) To the stronger hairs are attached smooth muscles of 
the dermis, by means of which each one of them Can be nioved singly, 
while the striped muscular system of the dermis causes the bristling 
of the haiiy covering and the erection of the spines oyer larger 
extents of surface. 

The epidermis may also give rise to smaller horny scales as well as 
to large overlapping scales ; the former on the tails of Rodents and 
Marsupials, the latter upon the whole dorsal and lateral surfaces of 

the Pangolins {Manis)^ 
which thus possess a 
horny epidermal exo- 
skeleton. Anotliei* form 
of exoskeleton is found 
in the Armadillos ; it 
arises by ossification of 
the dermis, and con- 
sists of sutui'ally united 
plates, and in tlie middle 
of the body of broad, 
movable, bony girdles. 
Amongst the dermal 
ossifications must also 
be rockoned the antlers 
of the Deer Mdiich arc 
periodically renewed. 
The homy sheaths of 
the Camcornidy the 
horns of the Rhivocp- 
ritliv. and the various 
horny coverings of the 
extremities of the digits 
are e])idei*Tnal structures. '^Phe latter” rjjay be distinguished into 
miils lamnaris^ niHjttin fetudaris), claws and hoofs 

{ungula.) 

Cutaneous glands. — Sweat glands and sebaceous glands (fig. 6(56) 
are widely ilistributed. Sebaceous glands ai”e invariable accompani- 
ments of the hair follicles, but they Jire also fouml on naked parts of 
the skin ; they secrete a fatty gi*ejise, wiiich keeps the surface of the 
skin soft. Tlie sweat glands liave the form of coiled glandular tubes 
with siiruous ducts, and ar-e only seldom absent {Cetacm, Mus^ Taljui), 



Fio. IMWJ.— Section throujfh t.lio liuinan Hcalp. 
dermic ; VI, tniiinvom: bataltt of tlic comieclivc-tiHBiic 
of the entis; Vn, longitudinal bands of thowiuic; //, 
hair: Hz, root <jf hair; P, hair pa]»illa; HI, Hair 
follicle; Ma, hnuRculus erector pili ; T, 8c))aceuaB 
gland ; SD, awcHt glnnd ; F, fat iMuly. 
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The lai‘ger glands, with strongly smelling seci-etions, which open on 
various parts of the integument of many mammals, are to regtunled 
as modified sebaceous or more iiirely swetit glands. As examples of 
such glands may be mentioned the occipital glands of the Came], 
the glands which are placed in a depression of the Lichrymal bone of 
Cervm, Antilope, Ovis, the temj)oml glands of the Elephant, the 
facial glands of the Bat, the pedal glands of Ruminants, the lateral 
glands of the Shrewmouse, the saci-iil gland of Dicotphs, the caudal 
glands of the Desman, the cruiiil glands of the male Monotremes, 
etc. These excretory organs are most fi^equently found near the 
anus, or in the inguinal region, and are then often phiced in special 



Fni. — Skull «)!' :i fro.t. llio sitlc. O/, t'X«K*<M]Hl!il ; (' ciniflylr : Vtu, piu’iiiiiaHtoiii 

])rfiC(.'ss ; th, Mipni-ix'cipitiil ; *V 7 , rt(|U>iiiii)S!il ; Tjfy iyiii|>:iiiM‘ : puirimK (injiKloid 

pnrt.i(Jiij; /^f, piiric'UiI ; AV, iVontiil ; /ifi, lachryiiml ; -AV, ; 7'7i, optic torjiimiu ; Mx^ 

Hijixill.'iry ; ./w.i, imcmHxillarv ; .7«, jii«-al ; iHiliiliiic ; /V. ptitry/^oitl. 

ciitantHHis pits e.f/., tlie ;mal ghmds nt* many ('anurorn, Hiuhnita, 
and Eih^nUita^ the civet gland of the Vtnrridtc, the musk jxsieh of 
Mosn/fMff nioftchifi rifs, and the prejmtiiil g!;inds of tlie male lh‘n.vei*. 

The skeleton is formed of henvy bones et)nt!nniiig imirrow. 1'he 
skull (fig. is a spacious capsule, tie* l>ony pieces of whicli are 

only exceptionally (()rn.ithorJii/nchtff<) fn.s«‘.| in e.ii*ly lite, but as a 
rule they remain for the most pirt sepaiatetl by suture througliont 
life. There are, howevei', many cases in wliicb in the adult animals 
the sutures have* partly or wholly vanished (Ape, ^\ easel). The 
great extension of the cranial ca] sole is dm* nol nul\ to the hii'ge 
size of the roof of the skull, but also to tlie ia«*t that t,he lateral bones 
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of the ftkiill in place of the interorbital septum eirtend forward into 
the ethmoid region. Thus it happens that the ethmoid {Imiina 
orihrosa) constitutes the boundary of the anterior and lower part 
of the skull (fig. 668). The temporal bones also take an essential 
part in bounding the ci*anial cavity, since not only the petrous and a 
part of the mastoid,* but also the large squamosal occupy the space 
I'emaining between the allsphenoids and exoccipitals. The occipital 
always articulates with the first cervical vertebra {atlas) by two 
condyles, and its lateral portions (exoccipitals) frequently present a 
pyramidal process on each side ijugvla/r or paramastoid process). 
The prsesphenoid and basiaphenoid (fig. 668) often remain separate 



Fio OfiH. — Merlinii longitiuliiial Hoctioii of eheep’H nkiill, from inside. 06, Sasi-occipitui 
OU exoccipital ; Ok, BnprH-occi]»ita.l ; P/-, petrous; bHBi-s])honoid; Pn, pnv- 

sphonoid ; yi/#i,ii,lisphenoi<i ; Or#t, orbito-sphonoid ; /V/, ])ariotul ; 7*>, frontal; 8f, frontal 
sinus ; nth, ethmoid ; Na, nasal ; C, ethmoturlnnnl ; 67, inferior turbimil ; JV, pteiygoid ; 
Pat, i)RlHtine; Vo, vomer; M.r, maxillary ; Jmr, i)rroraHxillary. 

for a long time. To the latter are applied the alisphenoids with the 
parietals, ^\hicli belong to this region. An interparietal is often 
developed l)eJiind llie parietjil ; it is, however, usually ankylosed with 
the supra-cx*cipital, more rarely with the parietal. The frontal bones 
constitute the roof of the skull in the legion of the orbitosphenoids ; 
they are less freipiently fused than ai-e the parietals. The temporal 
bone has seveiul constituents - (1) The petrous portion, which is 
composed of tlie three pieces of the periotic capsule — the pro-, o^nst/to-^ 
and epiotic ; (2) tlie mastoid portion, which is a part of the epiotic; 

(3) the squamous poiiion or squamosjd, which is a larger bony scale ; 

(4) the tympanic bone, which is attached to the squamosal, bounds 

• fTlii' petrous anti mastoul together constitute the periotic. J 
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the external auditory meatus, and is frequently dilated to a projecting 
capsule {pympanic htdla). Postfrontals are absent. The perforated 
cribrtform plate {laniina cribroaa) of the ethmoid forms the anterior 
boundaiy of the cranial cavity. In the Apes and Man only, do the 
lateiul parts of the ethmoid (the part known as lamina papyra^ea) 
taike part in the formation of the inner waill of the orbit. In all 
o^her cases the ethmoid is placed in front of the orbit, and its sides 
are covered by the maxillaries ; in such ctises it has a considerable 
longitudinal extension. Two parts may l>e distinguished in the 
ethmoid — (1) A median plate - the lamina perpemllmdaHs — whicli 
is continued in frant into the ciiHihiginous inteimastil septum, and 
is underlaid by the vomer; (2) the lateral masses, with the lamina 
cribroaa and the labyi*intli (ethmoidal cells and the two upper tur- 
binals); the lirst corresponds t>» the unpaired ethmoid, the second to the 
pra‘f rentals of the lower Vertebrates. Finally, in the anterior pai-t 
of the nasal cavities there are, as independent ossificaitions, the inferior 
turbinals (maxillo-turbinals), which are attached to the inner surfaces 
of the maxillary bones. On the cuiter surface of the ethmoid region 
are placed, as membrane bones, the nasals al)ove and the lachrymals 
to the sides. The hichrymal (absent as an independent bone in the 
Pinnipedia and most Cetacea) is placed in the anterior wall of the 
orbit ; but usually also appears fis a ftmial bone on the outer surface. 

The firm fusion of the maxillo-palatine fipparatus with the skull 
and the relation of the mandibular suspensoriuin to the tympanic 
cavity, ai’e chaiiicteristic of the Mammalia. The lower jaw articu- 
lates dirtHitly with the temporal bone without the interposition of 
quadrate, the morph()h)gical equivalent of wdiich is shifted, in the 
course of development, into the tympanic cavity and transfoi*med 
into the iivcas, while the upper part of Meckel’s lyiriilage (articydare 
of the lower jaw) be;'Oiiies the mulleifs (Kei(!hei*t). The aUipea^ on 
the contrai-y, is said to be developed frf)in the upper piecje of the 
hyoid arch (liyonmmlibalar). The maxillary, pterygoid, and 2 >alatine 
bones have similar relations to those of tin* Chekmia and (Jrocodiluiy 
but a quadrat(ijuga.l is always wanting, siuct^ the jugal is applied t») 
the scjuamosal. A 2 *<datal r(X)f (hard ])alal(‘) sej)aiating the buccal 
and nasid cavities is always present ; the posterior nares open at its 
hind end. 

The cranial capsule is so completely tilled by the brain in the 
Mammalia that its intermil surface j)res(jnts a relatively accurattj 
impression of the surface of the brsiin. Owing to the considerable 
size of the brain the crjtnial t^ipsule is far inoi‘e spacious than in any 
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other class of Vertebrates ; but it presents great varUtions in this 
respect in the individual groups, more especially with regard to the 
development of the face, the prominence of which in general varies 
inversely with the development of the intellectual faculties (Camper’s 
facial angle). The hyoid bone is reduced to a transverse, hndge-like 
piece (body of the hyoid), with two pairs of cornua. In Myceles it 
is lai-gely developed and excavated. 

Tlie vertebral column, except in the Cetacea, is divided into live 
regions, viz., cervical, thoracic, lumbar, sacral and caudal (fig. 669 ). 
In the aquatic Cetacea, which are without hind limbs, the lumbar 



Fig «iU.- Skoletou of the Lion (aft<’v ( fieticl; Broiuri^ CmsBon nnil Ordnimgcii). Blomurri; 
St\ Hcaijuln ; J/, liumcvuH; K, riKUns; tiliut; Cyj, carpuH ; Afr, metaenrpuH ; J"/, ilium; 
P, pubis ; .Tjf, ischiuni ; fV, femur ; T, tibiu ; F. llbalu ; P, patella ; T», tarsus ; Mt. 
metiitarsuH ; C, calcanoum. 

region passes gradually into tlie caudal ; on the other hand the 
cei'vical region is strikingly shortened, and the fusion of its anterior 
vertelirie renders it righl and immovable. The vertebral bodies are 
only exceptionally (neck of Ungulates) connected by articular sur- 
faces, but are usually joined by elastic discs (intervertebral ligaments). 
The first cervical vertebiii (atlas) is a bony ring wdth broad, wing-like, 
transA'erse processes, on the articular surfaces of which the two 
(XX'ipital condyles rest and permit of the head being raised and 
deprassed. The turning of the head to the right and left is effected 
by the movement of the atlas about a median process — ^the odxmt-oid 
►f the next vertebra, which is called the axis (epistropheus). 
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This process corresponds morphologically to the centrum of the atlas, 
which is sepamted from the latter and joined to the centrum of the 
axis. 

The dorsal vertebi-ie are characterised by high, crest-like, spinous 
processes, and by* the possession of ribs. The anterior ribs ai'e 
attached by cartilage to the sternum, which is usually elongjited and 
composed of a numbei* of bony pieces arranged one behind another ; 
tlie posterior ribs (the so-called ‘'false libs’') do not reach the 
sternum. The ribs articulate •with the vertebiw by means of a 
capitulum and a tuberculum. While tlie number of cervical vertebm 
is almost constantly seven, that of the dorsal vei*tebrie is subject to a 
gi'eater variation. As a rule thei’e ai*e thirteen, sometimes twelve 
dorsal vertebi*se ; but there is a. less number in some Bats and Arma- 
dillos, while there are fifteen or moi*e in some animaJs. The Horse 
has eighteen, th(^ Rhinocei*os and Elephant niiu‘.teen to twenty, and 
the three-toed Slotlis have twenty-three to twenty-four. The lumbar 
vertebrae, which have long lateral processes in place of libs, are 
usually seven in number. The number lurely sinks to two as in 
Omlthorhynclms and the two-toed Antcaters, and still moi'e rarely 
rises to eight or nine (Stenops), Tlie sacral vertebra^ which vary in 
numbei* from two (Marsupials) to four, more ra,ndy nine (Armadillo), 
are firmly united with one anothei*, and by tlu‘ir transveiso processes 
(with the rudiments of the ribs) witli the iliac bones. The caudal 
vertebrai, which vary considerably in number and mobility, become 
nai’rower towards the end of the axis of the body, and often 
(Kangaroo and Anteaters) possess inftu*ior sjiinoiis processt^s; but all 
the processes become kss and less conspic^uous towards the posterior 
extremity. 

^J"he anterioi* pair of extremities is never absent. I’lie clavicle is 
absent when the anterior limbs ser\e only for thi! supfiort of t*'e 
ant{?rior part of the body in locomotion, or perform simple, penduhim- 
like movements, as in swimming, walking, running, jumjiing, etc., 
(Whales, Ungulates, Carnivora). Othei wise the scapula is conneckid 
with the sternum liv a more or l<*ss sti-ong, ro<l-shaped clavicle. The 
coracoid is almost always reduced to the coracoid process of the 
scapula ; in the Monotreniaia- only is it a large lione which rwiches 
the sternum. The posterior extremities ari^ more firmly conne(!ted 
with the body than are the anterior. Jn tlie Whales alone is the 
pelvic girdle rudimentary, and is represented by two rib-like bones 
which are quite loosely connected with the \e»'iebral (H)lunin. In all 
other Mammals the pelvic girdle is fused uilb the latenil parts of 
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the sacrum, and is closed ventrally by the symphysis of the pubis 
and sometimes also of the ischium. The appendages articulated to 
the pectoral and pelvic girdles are considerably shortened in the 
swimming Mammalia, and either constitute, as in the Cetacea, flat 
fins, the bones of which are immovable upon one another (in the 
Sirenia there is a joint at the elbow), and in which there are a great 
number of phalanges, or, as in the Pinnipedm, have the form of 
fin-like legs, which can also be used in locomotion on land. In the 
Cheiroptera (Bats), the anterior legs present a large surface in con- 
secpienco of an expansion of the integument {patayium) uniting the 
fore-limbs with the sides of the body, and extended between the 
elongated fingers. The fins of tlie Cetacea and the wings of the 
Cheiroptera are, willi the exception of the thumb of the latter which 
projects from the patagium and bears a claw, without nail-like 
structures. 

In the land Manimxdia the extremities present considerable varia- 
tions both in their length an<l special struc^ture. The length of the 
tubular humerm in geruiral varies inversely with that of the metar- 
carpus of the anterior extremity. The radiuH and ulna in the fore- 
limb and the tihia and fdmla in tht^ hind-limb are almost always 
longei* than the humerus and femur respectively. The vlna foims 
the hinge-joint of the elbow% and is prolonged at this point into a 
process called the olecranon \ the radius, on the other hand, is con- 
nected with the carpus, and can often be rotated round the ulna. 
(pronatlon, su2)inatioH) ; in other cases it is fused with the ulna, 
which then constitutes a rudimentoy, styliform rod as far as the 
articular pi*ocess. In tlu* hind-limb the knee-joint projects forwards, 
and is usually covered by a knee-wip, the jiatella ; the fibula is some- 
times (Marsupials) movable on the tibia, but as a rule these tuo 
bones are fused, and tlie fibula which is placed posteriorly and 
externally is usually reduced The variations in the teiuiinal parts 
of the limbs ai’e far more striking (tig. fJTb). The number of digits 
is iKiver greater than five, and is often less. The digits disappear in 
the following order: firs*.., the inner digit or thumb (digit No. 1), 
which is composed of two phalanges, l:)ecomes rudimentary and 
vanishes ; then the small outer digit (digit No. 5) and the second 
inner digit (digit No. 2) are reduced, sometimes remaining on the 
posterior surfju*e of the ftK>t (Ruminants) as small accessory claws 
which do not i-each the ground, or totally vanish. Finally the 
second external digit (No. 4) is reiluced or absent, so that the middle 
digit alone remains for the support of the limb (horse). 
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This gradual reduction of the digits is accompanied by a simplilica- 
tion and alteration of the carpal and tarsal, metacarpal and metatar- 
sal bones; the metacarpals (metatarsals) of the rudimentary or absent 
digits are reduced to styliform bones or are entirely absent, while 
the two middle metacarpals (metatarsals) (3 and 4) are often united 
to form a strong and long tubular bone. The small carpal and 
tarsal bones whicli are employed in the formation of the foot-joint, 
and serve essentially to diminish the shock pi*oduced by the move- 
ments of the limbs when used in locomotion, are arranged usually in 
two, sometimes in three rows; in the tarsus, two bones -the aatm- 
gotlm and cdlcanewm — are usually much larger than the rest. Tlie 



Fig. 670.— Skeleton of hand of — f, oraiii? ; 6, (Ior ; ; t/, ox ; tuinr \J\ liom) {h, c, li, 

after Gegeuhaur). H, radiuK; ulna; A, scaphoid; B, s(5ini -lunar ; C, iri(|iictnim 
(cuneiform); 1), tropezinm; trapezoid ; ciipitatuni (magnnin); biimutiiTn (unci- 
form); F, pisiform; C, oontrulo carpi ; M, inutftcnri)UB, 

di^ts of tlie anterior foot may be called fingers after thi^ analogy o’’ 
the human hand. The anterior f(X)t becomes a hand wlieu the inner 
linger or thumb is opposjible. The great toe of the posterior foot is 
also sometimes opposjible, but the foot does not on this accx)unt 
become a. hand, but only a. ])reheijsile fool (Apes) ; foj* th(^ band is 
characterised by the sptjcial arrangement of the carpal hones and 
muscles. According to the manner in whicdi the foot rests on the 
ground in movement, animals are distingnislied as plantigrades, 
digitigrades and unguligrades. In the last case the uumher of digits 
and metacarpals (and metalarsjds) is reducc'd, and tlie limb is much 
elongated by the transformation of the metacaiywl (metatarsal) bone 
into a long tubular bone. 
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The nervous system (fig. 671) is characterised by the size and higli 
development of the bmin, the hemispheres of which are so large that 
they not only fill the anterior part of the cranial cavity, but even 




Fig. <$71. — nmiiis of Alnininiiliu. <f, IJrain of nibbit, from above ; the roof of tho right hciiii- 
npher<’ is roinov(!«l so as to expose the lateral ventricle. A, The same from below, c. 
Bruin of eat ; on the right aide the lateral and ijostcrior 7>art of the hemisphere is 
removed, and almost ns much on tlie left sidi*, and tho greater jinrt of the honiiaphcres 
<»f the eerchellum liave been rcmove<l. rf, Brain of orang(«, 6, r, after Gogenhnnr; d, 
from tho regne animal). TA, cerebral hemispheres; Mh, corpus iiujidrigeminum ; C&, 
ceivhelhim; 'medulla nblougata; Lo, olfactory, lobe ; i/, optic nerve; V tri- 
geminal; I’fl Vni, facial and auditoi’y nerves; JT, hypophysis cerebri; TA, optic 
thulunms ; Sr, sinus rhomboidalis. 

partly l•o^ or the oerebelliim. In the Mamipials and Monotremes 
the surface of tlie hemispheres is still smooth ; but in the Edentates, 
Rodents, and Insectivores it is marked by depressions and ridges, 
which in the higher forms become regular fuiTows {snhi) and convo- 
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lutions (yyri), A commissure {wrpiis mlloaum) connecting the two 
hemispheres is w'ell-ilevelopecl, and rudimentary only in the Apia- 
centalia. On the other hand the optic* lobes, wliich are known as 
the corpora qmtdrigemhm^ and ai*e the equivalents of the corj)om 
higemina of the lower forms, are roiduced in size, and are in gi*eat 
part or entirely covered by the posterior lobes of the hemisphei*es. 
The pituitar}"^ body (hgpophgsia) and the pineal gland are never 
absent. The cerebellum in the uiplacp.ntalia resembles that of the 
birds in the disproportionate development of its median lobe. There 
are, howevei*, numerous inteiinodiate stages betw^een such a cere- 
bellum and a cei*ebellum in which the lateral lobes are largely 
developed. The ponn VaroUl also is little developed in the lower 
forms, but in the higluu* IMainmals is increased to a large swelling 
at the point where the brain is prolonged into the spinal cord. The 
twelve cranial nerves are eonipletcdy sepai'ated. The spinal coiul 
usually extends only as far as the sacnil region, wliero it ends with 
a cavda equina ; there is no posteiior rhomboidal sinus. 

Sense organs. -The olfactory orgjin presents, on act*ounl of tlie 
complication of the ethmoidal labyrinth, a greatei* development of 
the olfactory mucous membrane than in any other class. The two 
nasjil cavities, which are s<‘pa.rjited by the median septum, often 
communicate with spaces in tlie neighbouring cranial and facial bones 
{sinus frontales, 82 }hen(yilales, ma.riifares)f and open i‘xternal]y by 
paired apertures; in the (>efacea, which have no sense of smell, the 
latter may be fused to form a. nuMlian oponiiig (7A7jf>/mm/e'). In 
this wise the nasjil passages serve f)nly as air-passages. The nasal 
openings are, as a rule, supported by movable cartilaginous ]»ieces, 
w^hich in some cases are largely developed and lead to tbc^ formation 
of a proboscis, which is n.sed as a burrowing and tactile* oi gan, and 
when greatly develo})e< I (Elo])bant) as a jwehensiU* organ. In t’ o 
diving Maminals the nasal aperture.s can la* closed by miischvs 
{Pltitciflfe) or ])y v'alvnlar appamtuses. A nasfd gland is often ])reseni 
on the external wall of the nartvs, or in ihe cavity of tlie up])er jaw' 
{niairillarg .nnus). The olfactory nerve is distributed as in the Jiirds 
on the .superior tiirbinal liones, and on the upper parts of the nasal 
septum. The internal nares ai*e alwa\s paiied and open into the 
pharynx, far back at the end of the soft palate. 

The eyes (vol. i., tig. SK) present various degrees of development-; 
they are ahvays small in the Mammals vvbicb liv^*? beneath the earth, 
and in some cases {^Spalax., f'hrgsochloris) an* <piite hidden beneath 
the skill, and are incapable (»f receiving luminous impressions. Tliey 
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are usually placed at the sides of the head in an incompletely closed 
orbit (continuous with the temporal fossa). As a rule, each eye has 
a separate field of vision ; a convergence of the optic axes is only 
possible when the eyes are placed on the front of the head {Prvmatea). 
Besides the upper and lower eyelids there is an internal nictitating 
membrane (with the Harderian gland), which is, however, not fully 
developed, and is without the muscular apparatus of the Birds’ 
nictitating membrane ; it is sometimes reduced to a small rudiment 
{2^Uca semilunaris) at the inner comer of the eye. The eyeball is 
more or less spherical (in the Cetacea^ etc., with shortened axis), and 



FuJ. 072. — The liiiinmi oar (combined rcprcKontatinii) with view of the tympanic membrane 
from f.ho tympiinio cavity, frt*. JiJxtcmal nuilitory moiitns ; T, mombrana tympaiii ; Vt 
tympaiiic cevity ; Kn^ EuHtnehian tuliC; Af, mnlleiiH ; J, incus; AV, stapes closing the 
f(Mtc««trii ovaliH (Fo) ; Fr, fonestni. rotunda; T, veKtibule; C, cochlea; S, seinicirculor 
caniils. 

can often be retracted into tlie orbit by a retractor bidhi. The 
liu'hrymal gland ^vith its duct, which oj)ens into the nasal cavity, 
lies on the upper and outer side of the oi-bit. Tlio clioi'oid has a 
tapetani' in the Oarnivores, Pinnipedes, Dolphins, Ungulates, and 
some Marsupials. 

The auditory organ (fig. (572, ami fig. 578, iii.) differs from that 
of the binl principally in the more complicated development of the 
external ear, in the greater number of sound-conducting bones {stapes^ 
incus, malkm), and in the form of the cochlea, which is usually 
coiled into two or three spiral passjiges. The tympanic cavity is also 
mf>re spacious, and is by no means always confined to the space 
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enclosed by the tympanic l>one which often pi^ojects like si xesicle 
(tympanic bulla), but is in communicsition \i’ith cavities in tlu> neigli- 
l)Ouring cranial bones. The tympanic csivity is largest in the Ocfacert, 
in which the sound is not transmitted, as in the terrestrial animals, 
by the tympanic membrane and the auditory ossicles to the fenestra 
ovalis of the vestibule, but is conducted mainly by means of tlie 
l>ones of the head through the air of the tympanic cavity to the 
fenestra (/. rotunda) of the unusually large cochlea, and then(?e by 
the perilymph of the scala tympani. The three seniiiarcular canals, 
with the vestibule and cochlea, are veiy firmly embedded in tlie 
j)etrous bone, which in the Cetacea is only connected by ligaments 
mth the neighbouring bones. The Eustachian tubes open in the 
Cetacea alone into the nasivl passages, in all other Mammals into the 
pharynx. An external ear {pinna) is wanting in the Monotremes, 
many Pinnipedes, and in tlie Cetacea^ in which the external meatus 
<»utside the convex tympanic membrane is represented by a. solid 
cord; it is rudimentary in thi' siquatic animals which are able to 
close the external opening of the ear by a valvular apparatus, and in 
the burrowing Mammalia. Tn all other wises it consists of a very 
variously-shaped exteT*nal appendage, supported by cartilaginous 
})ieces and usually moved by specml muscles. 

The sense of touch is mainly located in tlu' skin of the ends of the 
extremities (tactihi (H)rpuscles on the tips of the ting(a*s and on tlie 
surface of the hand of Man and tJie Apes) ; also on the tongin*, 
proboscis, and lips, in which long bristle-like tactile liairs {vihrisme), 
embedded in follicles, with jieciiliar nervous ramifications, are very 
;(enenilly present. 

The .sense of taste has its seat jirinoipally at tli(^ I’oot of the tongue 
{papilla, circumvaUata, compare fig. 81), vol. i), hut also on tlie soft 
palate, and is far more highly dcvelojied than in any oth(*i* class of 
animals. 

Dentition. -At the eutiance to tin* digestive organs the jaws are 
almost always armed with teeth. Only individual genera -a.s 
EcdMna^ Manis, and Afyrniecophaga are entirely without teetli, 
while the whalebone Whales, which hear on the inner surface of 
the palate veHical horny plates (whale-hone), arranged in transverse* 
rows (fig. 673), possess tc*etli, at le#ist in the fcrtal condition. Homy 
teeth, produced hy liardening of papillie of tlie hins^al mucous mein- 
hrane, are present in Ornitknrhymhuft and Hhytina, 

The dentition of the Mammalia is iievei* so much d(jvelo])ed as that 
of Fishas and Rejitiles : and the teetli, which are wedged into alveoli, 
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are confined to the maxillsc, prsemasdlltie, and mandible. The external 
part of the tooth (^.e., the part which projects from the gum, and is 
called the crown, as opposed to the root) is covered with the harder 
enamel, which consists of prisms arranged at right angles to the 
cavity of the tooth (pulp cavity). Two kinds of teeth may be 
distinguished — (1) Simple teeth {d, aimplices), in which the layer of 
enamel forms a simple cap; (2) complicated teeth {d. compUcati), in 
which the enamel is folded and penetrates into the dentine. When 
simple or complicated teeth are connected together by osseous tissue 
{cenmnt), they are called composite teeth {d, compoaiti — Hare, Ele- 
phant). Rarely, and only in those cases in which the dentition is 
used, as in the Crocodile, as a prehensile or cutting apparatus, are 
the teeth iii all parts of the jaws alike, having the form and function 



Fmj. 07M. —Skull o\' Bdlaruu mi/KfirrfMH with the whalebone (n^gnc auimal). 


of prehensile conical teeth (Dolphin). As a rule, tliey are distin- 
guished according to their position in the anterior, lateral, an<l 
postei'ior parts of the jaw as inciaors, canines, and t/rinders (l)ack 
teeth). The incisors are chisel -shaped, and serve to cut the footl ; 
in the upper jaw tlu'y belong exclusively to the pneinaxillary bones. 
The canines, which ai’e placed to the sides of tlio incisors, one in each 
half of the jaw, are conical or 1 looked, and serve principally 
as wea-iions for attack and defence ; not unfi’etjuentlv, however 
they are absent (Iluniinants, Rodents), and thei’e is a wide g{4> 
{(Uaatenm) between the incisors and the grinders. The latter are 
specially adapted for tlie finer mastication of the food, and their 
crowns ai*e usually provided with a tuberculated or grinding surface. 
The teeth either last throughout life, and the dentition is not renewed 
{^Monophyodonta : Edentates, Cetaceans), or there is a single change 
of teeth [IHphyodonta) (fig. 074). In the latter case the teeth whicli 
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are changed constitute the milh tlevUition, The antenor grinders, 
which with the incisors and canines ai*e replaced, are known 
fis the pramwlara, as opposed to the posterior, true molars, 
which belong to the permanent dentition, and ai’e not replaced. The 
true molars only appear after tlie milk teeth have been replaced, and 
are distinguished by the size and numbei* of their roots, as well as by 
the extent of their crowns. Formuhe, in which the numbere of 
incisors, canines, praimolars, and molars in the uppei* and lowei* jaws 
are given, are used to indicate in a simple manner the natiu'e of the 
dentition, e.g., the dental formula of man is 

2 1 2 1 r* ^‘2 11 2-2 :v;i 

2 1 2 hi' 


Alimentary canal. In addition to the hard stvuctuies at the 


entrance to the digestive cavity, 
soft, movable lips which bound the 
mouth opening, and a. fleshy tongue 
which is of very various form mid 
lies on the door of the Imccal <«ivity, 
are of special importance for the 
introduction and preparation of l ho 
food (fig. 075). In the Monolrematji 
the lips are I’eplaced by the edges of 
the beak. The tongue, liowevor, is 
never absent, but it may be im- 
movable, and completely fused witJi 
the floor of the mouth, as in the 
Whales. Its front part is inainly 
tactile in function, hut in someoa^es 



l>’n{. <571..- Dcnntion <*f (wiiilo 

ohjiiij-niilf lli(5 toi’ili) nrt«T Dwell. >, 
hioison'; r, < 'lllillics ; /'I /'- /'•**. 1*1“*'* 
iiiuUirs of the milk dcntitimi ; ./I t/2 
luciMors; t'lUiiiU' ; /‘I /’2 CM, 
nioUirH of the npnmiiionl. clentitioii 
M\ M'.i, Molars, 


it is used to seize (Giralfe) or capturt' foo<l (Ant-eaters). Variously 
sliapod papilla*, which are oft(‘n cornifl(*d and bear recurved liooks, 
project from its ujiper surfac*(‘. jKtptlhv ctrcvninillffttf alone lane 

a. relation to the sense of Ijiste. The tongui* is sui)j»orte<l hy the hyt^itl 


bone and by a cartilaginous rod, wliich r<*presents th<* os mfi’rghmoin 
(Lytta). The anterior cornua of the hvoiil tii-t* attached to tin? 
styloid processes of the temiioral bone, the po.sterior hear the larynx. 
Beneath the tongue tlu're is sometime.', 'iiiost dev<tlo])ed in the 
hisectivora) a .single or douhh? jirojection. which is teimed the lower 
tongue. The sides of the Inicffal cavity are soft and fleshy, and ai e 
not unfrequently in the Itodents, Apes, etc., <1 dated into wi<le sacs, - 
the so-called chcek-pouch<*s. The .soft jMilait* {yaHattun tnolle) must b<i 
mentioned as a structure peculiar to the Mnmnffho : it constitut(*s 
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the boundary between the buccal cavity and pharynx. All Mammals 

with the exception of the carnivorous Cetacea^ have salivary glands, 

a parotid, a submaxillary, and a sublingual, — ^the fluid secretion of 



FiiJ. 676.- Kitiniuco to the (U^?eHtive apparatiiH ami the respiratory organs of the Cat (after 
C. Heider). «, head with exposed snlivary ^Iniids. J*, Pnrotid ; 3f, Buh-maxillai’y ; 
Sub-Iin^ual. A, Longitudinal section through the Hemi and Thorax; the Respiratory 
organs arc seen from tJie side. AT, Nasal aperture ; JYiw, Turbinal bones ; JH, Mouth ; Z, 
Tongue ; Po, Velum palnti ; Or, OeBr)phagUB ; Ly Larynx ; E, Epiglottis ; Zh, Hyoid ; Tty 
Trachea; P, Lung; V, Diaidiragui ; T, Thyroict; P, Thymus; Tm, Opening^ of 
Eustachian tube iuUi the Pharynx; JT, Cerebral hemispheres; C, ('orpus callosum; 
( p. Corpora ((uadrigcminii ; Ch, Cerebellum; P, Spinal cord; Py, Hypophysis; W, 
Vertebral column ; 8t, Sternum, p. Longitudinal section through the Larynx (L) and 
the first part of the Trachea (2V). 8y Vocal cord ; P, Epiglottis. 

which is poured out in large quantities, especially in the Herhivora, 
The (esophagus, which follows the wide gullet, only exceptionally 
prasents crop-like dilations ; it is usually of considerable length, and 
opens into the stomach liehind the diaphiiigm (vol. i,, tig. 50). Tlie 
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stomach is, as a rule, a simple tiunsvei'sely placed sac, but is 
frequently divided by the gradual dittei*entiation and constriction of 
its anterior, latei'al, and posterior I'e^ons into a number of paHs, 
which are most completely separated in the lluminants and distin- 
guisiied as four separate stomachs. The pyloric region is principally 
distinguished by the presence of gastric glands, and is more or less 
sharply separated from the beginning of the small intestine by a 
sphincter muscle and by an inwardly projtictiug fold (j>yloric valce)^ 
The inte>itine is divided into a small and a large intestine, the 
boundary between which is indicjitcil by the presence of a. valve and 
a C 00 taim, which is especially developed in luTbivorous animals. The 
anterior part of th(‘ small intestine, or duodeimm, contains the so- 
called Bmnner's glands in its mucous membrane, ard receives the 
secretion of the large liver and of the pancreas. The liver is multi- 
Johed, and is sometimes without a gall bladdei*. When a gall bladder 
is present the bile <luct {d. cysticuis), jviul the h(‘patic duct [d. hepatievs) 
unite to form a common duct (d. cJiofedoc/ttfs). The small intestine is 
longest, in animals which eat grasses and leaves, and is characterised 
by the numerous folds (vidvvhr anuti miles) and villi of its iniieous 
membrane, and by tlie jwssossion of a great numlH‘r of grou})s of 
glands (Liebei kiihn's, Fever’s glands). The terminal region of the* 
large intestine or rectum opens, except in llu* Momitremda whiejli 
are ch.ai’acterised by the possession of a cloaca, behind iht< urogenital 
opening, though the two openings are soinetimcs surrounded by a 
common spliincter {AJarsvpialui), 

The heart (lig. of IMaiiimalia, like that of Birds, is divitled 

into a right venous and a left arteiiid portion, each with a ventricle 
and auricle (sometimes as in llalicAtro tla? division is marked extei*- 
nally). It is enclosed in a pericardium, and sends oft* an ai-terial 
trunk, which forms a left aortic arch, from which two vessels fi’erpiently 
arise, viz., (1) a right anoiivma, with the two carotids and right 
subclavian ; and (2) tbe left subclavian ; oi-, as in man, three vascular 
trunks, \'iz., (1) a right anonyma, w ith I be right carotid and right 
subclavian; (2) the left carotid ; and (2) the left subclavian, all close* 
to one another. As a rule, a superior and an inferior vena cava open 
into the right auricle ; more rarely, as iii tin* Hodents, Monotremes. 
and Elephants, there are two superior vena* cava*. Hetia iidrahiliu 
have been recognised principally for the ai terial vessels, and are 
found on the extremities of burrow'ing and climbing animals (Stemqps, 
Myrmecoplmga, Bradypuft, etc.) ; on the carotids round the hypo- 
physis, and on the ophthalmic arteries in the orbit in Kumiiiants : 

vou 11 . 10 
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finally on the intercostal arteries and the iliac veins of the Dolphin. 
A renal-portal system is always absent. 

The lymphatic system is provided with numerous lymphatic 
glands, and its main trunk {dtuctua thoradcua), which is placed on 



Fm. 670. -Circulatory apparatus of Man (fi*om Owen 
after Alien Thomson). T'</, llij^ht Ventricle ; Fn, 
left Ventricle ; Ad^ rif^lit Auricle ; left Auricle ; 
Afi^ Aortic arch ; Aod, desccndinf? Aorta ; Cd, rii^ht 


the left, opens into the 
superior vena cava. 

Of the so-called vascular 
glands the spleen, the’ thy- 
mus, and the th3rroid, which 
is especially develoj)ed in the 
young, are very generally 
present (fig. 675). 

The paired lungs (tig. 676) 
are freely suspended in the 
thoracic cavity, and are dis- 
tinguished by the numerous 
ramifications of the bronchial 
tubes, the finest branches of 
whi(;h end with conical, fun- 
nel-shaped dilatations (m- 
fundihula)y which are pix)- 
vided on their lateral surfaces 
with swellings. Respiration 
is mainly effected by the 
movements of the diaphragm, 
which forms a complete, 
usually tiuiisversely placed, 
septum between the thoiacic 
and abdominal cavities: by 
the contraction of its mus- 


(’arotiil; left Carotid; Sd^ ri;?ht subclavian 
Artery ; -Sn, left subclavian Artery ; 3f, Mesonteric 
Artery; common Iliac Artery; I'tf, inferior 


cular parts it acts as an in- 
spiratory muscle ; that is, it 


J/*, left Jugular ; Svd, right subclavian Vein ; The elevation and depression 
left subclavian ; Ap, pulmonarj^ Artery ; !>«, - , ., , , ^ . 

pulmonorj’ Vein ; 2V, Trachea ; Hr, Bronchi ; P, 

Lungs ; X, Liver ; N, Kidney ; L, Intestine. in dilating the thorax. The 
ti'uchea is, as a rule, straight, without coils, and divides at its lower 
end into two bi-onchi leading to the lungs. There may be, in addition, 
a small accessoiy bronchus on the right aide. The trachea is supported 
by cartilaginous half-rings which are open behind, and only excep- 
tionally by complete rings of cartilage. The first part of the trachea, 
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or larynx, is plaoed at the lower end of the pharynx, behind the root 
of the tongue ; it is suppoi ted by the posterior horns of the hyoid 
bone, possesses lower vocal cords, complicated pieces of cartilage 
(cricoid, th 3 rroid, and arytenoid cartilages) and muscles, and co;.^t:- 
tutes a vocal organ. 

In* the Cetacea alone is the larynx, which projects in tlie bjise of the 
pharynx as far as the posterior naies, used exclusively for respiia- 
tion. A movable epiglottis (almost tubular in the Cetmea\ attached 
to the upper edge of the thyroid cartilage, piojects over the glottis. 
When food is being swallowed it sinks, and closes the glottis. Acces- 
soi*y cavities, with membranous or cartilaginous walls, are sometimes 
attached to the larynx. These sometimes function as air reservoirs, 
e,y,y the air-sacs of Jiahmay ^ometime8 as a resonating apparatus for 
the strengthening of the voice, »is in many Monkeys {Mj/cetes), 

The kidneys (hg. G77) still sometimes consist (Seals, Dolphins) of 
numerous lobes united together at the pelvis of the kidney. As a 
rule, however, they are coinpnct bean-shaped glands, lying in the 
lumbar region, outside the peritoneum. The ureters arise from the 
so-called pelvis of the kidney, and always open into a urinary bladder, 
pliiced in front of (ventral to) tlie intestine. The duct of the 
bhidder, or nrelhray enters into a more or less close relation with the 
ducts of the generative organs, and leads into a sinus or urogenital 
canal opening in front of the anus. Above the kidney tliere is a 
glandular organ termed the suprarenal hody, 

Tlie male sexual organs (lig. G77) of most Mmnnudia are 
chanicterised by the c’.ange in the position of tlie testes, hi the 
MonotreouUa and Cetacea alone do the testes i*emain in their original 
position near the kidneys, in all other cases they descend in front of 
the pelvis, and, pushing the peritoneum before them, enter the 
inguinal canal (many Indents), or, still more frequently, pass through 
the inguinal ciinal into a double cutaniKuis fold, which is tmnsformed 
into the scrotum. Not unfrequently (Itodents, Bats, Tnsectivores) 
they pass back through the open inguinal canal into the abdominal 
cavity after the breeding season : this is effected by the cremastery a 
.slip of muscle separated from the obli(|ut; abdominal muscle. The 
scrotuniy as a i-ule, lies behind the penis ; but in the Marsupials 
it is formed by an invagination of the integument directly at the 
entmnce of the inguinal canal in front of tlie male copulatory organ. 
The coiled excretory <lucts of the testes, which s-re derived from the 
Wolffian bo^ly, constitute the epididgmisy and bjad int^o the two rasa 
deferentuty which, after forming glandular dilatations (seminal vesi- 
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cles), open close together into the urethra. At this point open the 
ducts of the prostates, which differ much in form, and are often 
divided into several groups of glands. Further down a second pair 
of glands, known as Gowper's glamds, opens into the urethra. Re- 
mains of the Mullerian ducts, which in the female are used as the 

oviducts, frequently persist 
between the openings of the 
vasa deferentia. They are 
called the organ of Weber 
{'Uterus ytuMcuMrms), and in 
the so-called Hermaphrodites 
their parts are much en- 
larged, and may be differen- 
tiated in the manner peculiar 
bo the female sex. In all 
cases the end of the urethra, 
which functions as a uro- 
genital canal, is in connec- 
tion with external copulator}' 
01 ‘gans: these always have 
the form of an erectile 
penis, which, in the Mivno- 
tremata, is concealed in a 
pouch in th(‘ cloaca. The 
penis is sup])Oited by (cavern- 
ous erectile bodies, which in 
the Monotremata are con- 
fined to paired corpora 
ca'mmjosa uretimr. ; but in all 
other Mammalia there are, 

Fig. fi77.--Urirjary and sexual organs of Cricefnif jn addition to the corpus 
vtttoarM (after Gcffenbaur). 2?,Kidm\v; fMJretor; . 

if. Urinary bladder ; I’, Testis; F, Funiculus spor- cai^ei^lOSUnh urethra* (c. 
maticuB (Spermatic cord); Jir, Kpididymis; which is unpaired 

Vas deferens; r«, VoBicula’ BeminHles; Pr, Pro- ' i *.1 

state ; Urogenital sinus (Urethra) ; 6rc,Oowper’B and suri*OUnds tiie uretlira, 

glands ; Of, Tyson’s glands ; Vp, Corpora caver- UPPOl* C&l'pora, Cavenuosa 

nosn penis ; fV, (.lorpiis cavei-nosuni urethra* ; A’, ^ 

Gians penis ; P/», ITepuce. penis, which are attached to 

the ischium, »md only rai’ely fuse with one another. A cartilaginous, 
or bony suppoi*t, the so-called os penis {Vamivora, Rodents), may 
also be developed, especially frequently in the gla'ns, whicth is 
formed by the corpus cavemosum urethra* (fig. 677). The gUins^ 
w'hich is bifid only in extjeptional ciises {Monotrev/W/ta, jSfarsupials), 
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varies greatly in its form, and lies retnicted in a reduplication 
of the skin {foreskin or prepuoe) which is richly glandular {gl, 
Tysonianoe), 

Female sexual organs. The ovaries (fig. 678) ai*e unsymmetrical 
only in the Monntiruuitay in consequence of the reduction of the right 
ovary. In all other cases they are equally developed on either side ; 
they are placed in folds of the peritoneum, close to the funnel-shaped 
dilated mouths of the oviducts, by which they are sometimes com- 


c 



Fig. 678. Fcmule ^roncrativc organn. a, of (after Owon) ; 6, of Vioerra 

jjenetta ; c, of ('errapifftecm ucmenlrlnnit ; Ov, Ovary ; T, Oviduct ; f/, Uterus ; V, Vagina ; 
JJ, Urinary bladder; fV, Ureter; Mt Month of Utenis; F, oi>ouiijg of Ureter; 
urogenital Sinus ; Kl, Clouea , n, InieHtine. A style is passed through the opening 
of the latter into the (cloaca. 

pletely surrounded. The oviduct is diviilwl into the Fallopian tnhe, 
winch is always paired and begins with a iree ostium ; the dilated ^ 
sometimes jMiii’ed, more frecpiently unpaired, middle i>ortion — the 
nterus\ and the terminal part, or vagina^ wJiich is unpaired, except 
in Marsupials, and ofiens behind the opening of the urethra into the 
short urogenital sinus, or vestibule. In tlie Mimotremata the two 
tubular uteri open, witliout forming a vagina, on papilliform 
prominences into the urogenital sinus, wliich is still connected with 
the cloaca (fig. 678 a). 

According to the different degrees of <luplicitv of the uterus 
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(when a vagina is present), we may distinguish : the uterus duplex, 
with more or less complete external separation and double os 
uteri (Rodents, Marsupials) ; the uterus hipartitus, with single 
os uteri, but almost complete internal partition (Rodents) ; the 
uterus hicornis (fig. 678 h), in which the upper parts, or horns of the 
uterus are separate ( Ungulata, Carnivora, CetoAxa, Insectivtora ) ; and 
finally the uterus simplex (fig. 678 c) with single cavity and very 
muscular walls {Primates), 

The vestibule, with its glands of Duvernoy (Bartholin), which 
correspond to the Cowperian glands of the male, is separated from the 
vagina by a constriction, and sometimes also by a fold of the mucous 
membrs.ne, called the hymen. The external generative organs consist 
of the lahia major a and labia mha>ra, at the sides of the sexual 
opening, and of the clitoris. The labia majora are two external 
folds of skin, and are equivalent to the two halves of the scrotum ; 
tiie labm minora> are two smaller internal folds, and are not always 
present. The clitoris possesses erectile tissue and a glans, and is the 
equivalent of the penis. The clitoris may sometimes (as in A teles) I'ejicli 
a considerable size, and be perfoiuted by the urethra (Rodents, Moles, 
Lemurs). In such (;ases of peidbrateil clitoris, there is, of course, no 
common urogenital sinus. Morphologically, the female genitalia 
I’epresent an earlier stage of development of the male organs, wliich, 
in the crises of the so-called hermaplirodite formation, may in con- 
sequence of arrest of development preserve a more or less female 
structure. As a rule the two sexes jire easily distinguishcHl by the 
different form of the external generative organs. Frequently there 
is a marked dimorphism in the whole external appearant^e ; the 
male being laiger, having a different hairy covering, being pos- 
sessed of a loudei* voice, and pi*ovided with strongoi* teeth or special 
weapons (horns). On the other hand, the milk glands, which are 
situate in the inguinal region, on the abdomen, and on the thorax, 
and which almost always pi*oject into teats or nipples, are rudi- 
mentaiy in the male sex. 

The breeding time (rut) is usually in the spring, rtirely towaiMis 
the end of summer (Ruminants), or even in tlie winter {Sus, Carni- 
vora). An important phenomenon, which accompanies the rut in 
the female, and is independent of copulation, is the passage of one 
or more ova from the Graafiian follicles of the ovary into the 
oviduct. The ova of the Mammalia were first discovei'ed by C. E. 
von Baer. They are extraordinarily small ( ^^^ to line in tliameter) 
and are surrounded by a strongly refractile memhi'ane {zona 
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Fig. 079.- Diii^ramatic fit^urcs illuKtratiiig tbe format urn of flio mcmbraiuiH oi 

Mammal (after Kolliker). a. Ovum with firat rmlinieiitu t)!' embryo; 6, Ovum w 
yolk'Hiicaud developin'^ amnion ; r. Ovum with amnion closin'.' nnd dovclopiriff nllitntr 
tJf Ovnra with villous serous envelope, embryo with month and anus ; t\ Ovum in wh 
the vascular layer of the allantois is applied tt) the serous ..‘nvelojK; and lias jfrown in 
the villi of the latter, yolk-sac reduced, the amjiiotic ca\cr,.v is increusing*; D, Z' 
radiata; D', Villi of zona ; A’A, subzonal membrane (seronv envelope) ; fir, Villi of suh- 
zoTinl membrane; Ch, Chorion (vascular layer of Allantois; C7<r, Chorionic villi (con- 
swtiny: of chorion and subzonal membrane) ; Am, Amnion ; Ah, Ainniotic cavity ; 
E, Eml>ryo ; A, Embryonic thickonin;' of the c::ternal layer ; 3/, of the middle layer ; J, 
of the inner layer ; Du, cavity of the embryonic (blastodermic) vesicle, later of the yolk- 
sac (umbilical vesicle); DA, Intestinal cavity ; Dg, Umbilical stalk ; At, Alla. 
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peUiwida)^ round which a layer of albumen is often deposited in the 
oviduct. 

The fertilization and total segmentation * of the ovum always take 
place in the oviduct (Fallopian tube). Amnion and allantois are 
present in Mammalia, In the uterus the ovum acquires a villous coat 
{chorion), derived from the original zona and from the subzonal mem- 
brane (so-called serous envelope), which is developed within the zona. 
It becomes attached to the uterine wall by means of the chorion (fig. 
679). Later on, the peripheiul pai*t of the allantois also becomes 
applied to the chorion, and, as a rule, penetrates with its vessels into 
the villi {sccondavjf chorion), so that there is developed a relatively 
large surface, permeated with branches from the foetal vessels, 
the blood of whicli is in intimate endosmotic connection with the 
blood of the uterine wall. This connection of the allantois and 
chorion of the f<etus with the uterine walls gives rise to the Placenta, 
by means of which the nourishment and respiration of the foetus are 
pi'ovided for in the body of the mother. The placenta is wanting 
only in the Monotranuita and Marsapialia, which, therefore, are 
known as Aplacentalia, as opposed to the rest of the Mammalia, 
which have a placenta, and are called Placentalia, The placenta 
presents great variations in the individual orders, in its special 
development and in tlu^ motle of its connection with the uterine walls. 
Either the villi of tlie phicenta are loosely connected with the 
uterine walls, ami sepai-ate from the latter at birth {Adecidnata), or 
they become so intimately united with the glands of the uterine 
mucous membrane that the latter comes away with the embryo at 
birth, as the dccidna or aflcr-lnrth {l)ccidiatta)A In tlie first cawse 
the allantois may grow completely i-ound the ovum, and the villi be 
numerous and uniformly distributed over the whole chorion {diffuse 
placenta of Vmjidnto, Cetacea), or be aggregated in special places, 
forming small tufts, the so-called cott/ledous (Kuminants). In the 
other case, the placenta Avith its villi is confined either to an annular 
zone on the chorion (PL annnlaris, or :^onary placenta of Carnivora, 
Pinnipedia), or to a discoidal area {discoidal placenta of Man, 
Apes, Ilodents, Insectivores, Bats). 

[Aocouiinj; to (’altlwclTs recent discovery, whicli was comniiinicatod to the 
British Association at ^lontreal in St'ptember of the ]»resent year (18S4). but 
of which no details liave as yet come to baud, the Monotremuta are oviparous 
and their ova ineroldastie.] 

t [For a fuller aecouiit of the structui'e and development of the various kinds 
of placenta, the reader is I’cfcrred to Balfour’s Comparative EmhnjoUajij, a^oI. ii., 
p. 193.] 
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In the foetus, respiration is effected through the placenta, and the 
lungs are functionless. In correspondence with tliis the cireulation 
of the foetus differs from that of the animal after birth (iig. 680). From 
the heart the blood is driven into the descending aorta, which sends 
off behind two large vessels to the placenta or lUIanlolc 

arteries). The blood, returning from the placenta in the allantoic 
vein, passes in great part through a connecting vessel {ditctiu venomm 
" into the 



inferior vena cava, 
and thence in part 
passes into the 
right auricle, but 
the greater part 
passes, in conse- 
quence of a special 
arrangement of 
valves, directly into 
the left auricle 
through an opening 
in the interauricu- 
lar septum, called 
the foramen omUe. 

The blood which 
rcfujlies the right 
ventricle passes 
through a vessel 
(ductus hrlerlosm 
Botalli), connect- 
ing the pulmonary 
artery with the 
aorta, directly into 
the systemic cir- 
culation, ex(;ept a 
small portion whicli 
goes to the lungs. FYom this condition of llu* circulation, it results 
that all the arterial vessels, exce])t tlio allantoic vein, contain iiiix<;d 
blood. 


Di8ij?rjiin of the ;nTHdi;fciTii'iil; of thr prindpiil vessels 
ill !i huinsiii r<rtU8 (afa^r Huxley). J£, Ventricle; C, Auricle ; 

Aortic trunk ; 6V, comuiou (^'urotiil ; TV*, cxtenisil (’iirotid; 
C/, internal (.Jarotici; »V, .subcliiviiiu artery; 1, :2, 1, the 

arterial arches— the pcrsi.'%tciit left aortii: jirch is not visihlo; 
Aod^ (IcKcendinjf aorta; O, Oniplm1onicserili(‘ (vitelline) 
Artery; O', Oniphalomoscraic (vitelline) Vein; l'mliili«’al 
(a, lliintoie) arteries with their jilacontal rnmilications {V")\ 
TJinhilical (allantoic) v« '>i ; t'/f, I'orlal vein; I'c, Vena 
cava inferior; (\ anterior cin’dinal vein; 1>, Ductus venosus 
Arautii ; PC, Ductus f^uvicri , .-/r, A/.yfros Vein ; P, Luinrs ; 
L, Liver; A^, Uiuhilical vesa ;<• »volk-s«c): J)r, Vitelline duct 
{JJiifift’H oiuphafuuiriit'raicMit); Aw, \ionion. 


As remains of the first stage of the circulation before t he df^velop- 
luent of the placenta, the omplifdomeserdlc nassrlff an artery an<l a 
vein — which l>elong to the urnbilictil vesicle, still j>ersis<.. 

The duration of gestation deyionds on the size of the body aufl the 
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stage of development at which the young are born. It is longest 
in the large terrestrial, and the colossal aquatic animals {Ungrdata^ 
Cetacea), which live under favourable conditions of nourishment. 
The young of these animals are so far advanced in their bodily 
development at bii-th, that they are able to follow the mother (to 
a certain extent like jn'mcoceft). The period of gestation is i-elatively 
shorter in the Carnivora, the young of which are born naked and 
with (ilosed eyes and, like altrices, are for a long time completely 
helpless, and need the care and protection of the mother. It is, 
however, shortest in the aplacental Monotremes* and Marsupials. 
In these animals the young, which are born at a very early stage (in 
the Kangaroo they are no larger than a nut), pass into a pouch 
formed by cutaneous folds in the inguinal region, and here adhere 
firmly to the nipples of the mammary glands. In this pouch, as in a 
second utei*iis, they are nourished by the seci'etion of the mammar}' 
glands, which assume at this early stage the nutrient function of the 
absent placenta. The number of the young, which are born, also 
varies very greatly in the different genera. The large Mammalia, 
of which the period of gestation is longei* than six months, as a rule* 
bear only one, more rarely two young ; but in the smaller Mammals 
and some domestic animals (Pig) the number is considerably larger, 
so that twelve to sixteen, or even twenty young may be bom at one 
time. The number of teats on the mother usually indicates the greater 
or smaller number of the progeny. 

Many Mammals live a solitiiry life, and pair only at the breeding 
time ; they are principally such csirnivonms animals as find theii- 
subsistence by hunting in definite hunting grounds, like the Mole 
in its sul)t(M*ranean {)assages. Others live united in companies, in 
which the oldest and strongest males frequently undertake the care 
of protection ami leadership. Most Mammals seek tlieir food by day. 
Some, e,g,, the Bat, leave their liiding places in the twilight and at 
night. Most Carnirora and numerous UngiUata also sleep in the 
dsytime. Some liodcmtia. Insect irm*a, and Carnirora fall, during 
the cold season of the year when food is scai*ce, into an interrupted 
(Bear, Badger, Bat), or continuous (Dormouse, Hedgehog, Marmots) 
winter sleep in their hiding places which are often carefully protected, 
or in nests formed in the earth. During this time the temperature 
is lowered, the i*espiration is leas active, the heart-beat is slowed, and 
they take up no food, but consume the fat masses which were stoi’ed 
up in the autumn. The following animals are known to migrate : 

* Vide note on p. 29(1. 
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the Reindeer, the South American Antelopes, and the North-Ameiican 
Buffalo, the Seals, Whales, and Bats, but more especially the 
Lemmings, which migrate in enormous herds from the northern 
mountains southwards to the plains, are stopped by no obstacles on 
their journey, and even cross rivers and arms of the sea. 

The intellectual faculties are more highly developed than in anv 
other class of animals. The Mammalia possess the faculty of 
discrimination and memory ; they form ideas, judgments, and 
conclusions; they exhibit affection and love to their benefactors, 
dislike, hate, and anger to their enemies; each individual has a 
definite character. Fui*thei‘, the intellectual hiculties of Mammals 
are capable of being developed and impi*oved, but to a relatively 
small extent on account of tlie absence of articulate i^peech. The 
more docile and intelligent of the Mammalia have been (;hosen 
by man as domestic animals, and in this capjmity have played 
an important and indispensable part in the history of civilisa- 
tion (Dog, Horse). Instinct, however, always occupies an important 
place in the life of Mammals. It. lojids many of them to construct/ 
spacious passages and ingenious nests above or below the earth, in 
which they rest and bring up their oftspring. Almost all Mammals 
make special phices for their brood, which they often line with soft 
materials ; some even construct true nests, like those of l>irds, of grass 
and stalks on the ejirth. Many of those which inhabit subterranean 
holes and passages store up winter-pro\isionR, which th<^y (consume in 
the sterile season, sometimes only in autumn and spring (winter 
sleepers.) 

Geographical distribution. Some oiders, as the Ihxhmts and 
Bats, arc represented in all ])ai*ts of the world. Of the 
and IHunipedia most species belong to the Polar regions. In 
general, the Old and New Worlds have each thciir owui fauna. 
The mammalian fauna of Australia consists almost (jxclusively of 
Marsupials. The oldest fossil remains (low(*j* jaw ) of Mammals an* 
found in the Trias (Keuper Sjindstone and Oolite, Stonoslield 
slate) and are probably Marsupial. But it i'' not until the tertiary 
period that the mammalian fauna present.^ a riel, development. 



300 


MAMMALIA. 


I.— APLACENTAIIA. 

Order 1. — Monotremata.* 

The jaws are elongated to the foirttiof a Leak; the feet are short, five- 
toed, and furnished with strong claves. Marsupial hones and a chowa 
are present \Oviparous , t with nierohlastic ovani,'] 

The most important character of the Monotremes is the presence 
of a cloaca. The dilated end of the rectum receives the openings of 
the generative and urinary ducts (lig, <>78 a). In addition to this 
character we must mention the simple condition of the female 
generative orgjins, the absence of teeth in the jaws, the possession 
of a large coracoid, and the slight development of the corpus 
callosum. 



Kig. OSl.— JCvhnlna 





Fl(i. OHi.—Oniifhorhynrhmt jHtrmhuruif, 


Tlie form of the body and the mode of life of the Monotremes 
partly recall theAntoaters and TJedgehog (Echidna hystrir, fig. (181) 
and partly the Otters and Moles (Ornithorhynchus) ] in fact, Or-j 
nithorhynchus received the ap])iopriate name of “ Watermole ” from 
the Australian settlers (tig. 682). Echidna is covered with strong 
spines, and possesses an elongated edentulous snout, with a vermi- 
form, protrusible tongue. ^Jlie shoi-t five-toed legs end with powerful 
scratching claws, which are excellently ndaptec] for rapid burrowing. 
Omithorhi/nchffs, on the eontniry, lias :\ close, soft fur, a flattened 

* 11. (^Nvoii, Arlicle •* Moimtromat.n.’* in “ (’yclo]»ivdia of Anatomy,** 

vol. iii., 1S43, 
t Vide ante on p. 
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body, and, as in the Beavers, a ilat tail. The jaws, like the beak of 
a Duck, are adapted for burrowing in uiiul, but are armed on 
both sides with two horny teeth, and are siiiTOunded by a liornv 
integument, which, at the base of the beak, projects in a peculiar 
manner, so as to form a kind of shield. The legs of Ormthorhfmhm 
are short; the tive-toed feet end wuth sti’ong claws, but are also 
furnished with very extensible webs, and are, therefore, equally well 
adapted for swimming and burrowdng. Both sexes ha\'e, like tht^ 
Marsupials, in front of the pubis the so-calleil niarsupisil bones, 
which in the female Echidna support a pouch. The testes remain 
inside the body cavity {i.c., do not descend into a scrotum). The 
males in both the giaiera possess a hollow spur on the hind foot, 
which receives the duct of a gland, to which for a long time poisonous 
properties wei*e eri*oneously aitributed. It appe.‘M*s more probable 
that this spur serves only as a stimulant during copulation, siiu^e it 
fits into a pit in the t high of tln< female. The embryos * are born at 
an early stage, and in Echithni pass into the marsupial ])(>uch of tlu* 
mother. On the abdomen of the latter there are two mannnavy 
glands, which are without a j)roJecting nij)]>le. Fossil remains are as 
yet unknown. 

Ornithorhyncliifs purafhuws Itluiub., The Duck-hill riatypus. AustniliM and 
Van Diemen’s Land ; Keindutt /ti/xfrhc (*uv.. in tin* mountninnus voufions of 
south-east Australia: A', .srfoxit (’nv.. V’'an Diemen's Land. 


Mmthinalia with rurionH deittltum, with tffo mars^ipad hmirs 
jiorting a marsujnid pouch, which rn,cIosf's fhc fcalft of the mnnii, 


The principal char:iet eristic of the Maj*sn]>ials is the jmssession ol 
a sac, or pouch (^warsaphrm), which is su[)ported by two marsupial 
bones (fig. 6S3), enclf)sos the teats of tin* mamina.ry glands, and 
receives the helpless young after birth, liitlie absence of a placenta, 
birth, as in the Monotromes, takes place at a \'ery eai’ly stage. Kven 
in MacropvjS gigantcas, the males of whi<di attum almost the laaght 
of a man, the period of gestation does not Insi more than thirty-nine 
days, and the embryo at birth is blind and uuki*d, its extremities are 

* Vide note. p. 2%. 

t R. Owen, “ Marsui)ialia.*’ in Todd’s ( ‘yclopjcdhi nf Atia'-miy, v«.l. iii.. 1842. 

G. R. Waterhouse. "A Natiirfil History <»f the .\faaimrdia," vol. v., “ Mursu- 
pialia,” London, 184t». 
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scarcely visible, and it is not much more than an inch in length. It 
is placed in the pouch by the mother, sucks firmly on to one of the 
two or three teats, and remains in the pouch for eight or nine months. 

In their external appearance, in their mode of nounshment, and 
in their habits, the Marsupials differ extraordinarily from each other. 
Many of them are herbivorous, and in their dentition approach the 
Eodents or the Ungulates ; others are omnivorous ; others, like true 
Carnivora, prey on Insects, Birds and Mammals. In their general 
appearance and mode of locomotion they repeat a series of types of 
(lifferent mnmmalian orders. The Wombats represent the Eodents, 


Ki«. «, Femnlo ^uuerutivc or^ansof SnlmaturnK 
(After (icKenbanr); Or, Ovary;’ T, Oviduct; V, 
Uterus; 0, Mouth of uterns ; F, Va(?iua; 2#, 
rHiMim of vHgina; l/’r, Ureter; /f, Uriuar^' 
bliuUler; M, oponiti;; of bladder into the uxo- 
^eiiital sinus (S). \ Bifid itciiis of Didelphyt 

ftkilandrr (after Otto, from Ge^enbaur) ; K the two 
hatvcH of the jrlaiis, 

the fleet Kangaroos, which move by huge bounds, correspond to the 
Euminants, and repi-esent, in a cei*i*iin degree, game, which is absent 
in Australia. The flying Marsupials (Fniaaras) resemble the flying 
Squiri*els (^Pteromt/s) ; the climbing Phalangers (PhaUmgista), in 
their shape and mode of life, recall the Lemurs (Zer/wtr) ; while 
others, as the Pea'amelkht', show a likeness to the Shrews {SoHcidce) 
and Insectivoi’es. Finallj^ the camivoi’ous Marsupials approach in 
their dentition to the true Carnivora as well as the Insectivora, to 
which they scarcely yield in the large number of their small incisoi* 
teeth and tulterculated niojars. 




PI 


Fuj. dH,'!.— The pelvis and 
Adjoining piirts of the 
vortebral column of 
Macropas. #//, Ilium ; Fi, 
Pubis ; «7#i, Ischium ; JIf, 
Marsupial bones ; A, 
Acotiibulum ; S, the two 
saerni vortebru*. 
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The female generative organs frequently present iwemose ovaries • 
the two oviducts are prolonged into two completely separate uteri, 
which are followed by the peculiarly foimed and likewise double 
vagina (fig. 684a) ; the two vagineB are united at the point where 
they receive the openings of the uteri into a common portion, which 
gives off a long caBcal diverticulum, usually divided by a septum. 
From this part a.rise the two vaginal canals, which curve round and 
open into the urogenital canal. Since the external opening oF the 
latter coincides more or less closely with the anus (the two openings 
are surrounded by a common sphincter), the Marsupials may \ye 
said to have a kind of cloacti. The penis ends as a rule with a bifid 
glans (fig. 6846), corresponding to the double vagina of the female. 

Most Marsupials live in Australia, many also in islands of the 
Pacific Ocean and the Moluccas; l)idelpht/s in South Aiuoricvi. In 
Europe they are wholly absent at the pi’esent time, though they 
were distributed there in the tertiary period. 

Tribe 1. Glirina (Podent-like Marsupials). Unwieldy, heavy 
animals of the size of a Badger, with close soft fur, with Rodent 
dentition, short limbs, and rudimentary tail, l^lu* rudimcntaiy 
inner toe of the hind foot alone is without the curved claw.* 

Fam. PhascolomyidBB. Dentition /. J J w/. Phaxcolomux Wombat 

Per. Lcs. (/oiotor), Van Diemen’s Tiaiid and New South Wales. 

Tribe 2. Macropoda (Jumping Marsupials). With small head 
and neck, wejik, small, five-toed front legs, and hind part ot the 
body unusually developed. The very long hind legs s(u-vc for 
jumping, and are aided by thc^ long tail, the root of which is 
thickened. The powerful hind feet end xvlth foin- toes with hoof- 
like (daws; the two internal toes are united, and the median one 
is very long and powerful. The dentition reciills that of the Horse, 
though the number of incisors in the lower jaw (2) is smaller. The 
stomach is colon-like in shape, the caecum is long. IhcN fe(*d on 
grass and plants. 

Kam. Halmaturid* (Kangaroos). Dental formula i. ^ e. “ p.m. | m. | 
Maeropu* gigaMruK Shaw. Great Kangaroo, Ifgp^iprgmmK rufexrmx (i'mhl. 
Kangaroo Rat. 

Tribe 3. Scandentia (Carpophaga). Marsupials. TIih 

second and third toes of the hind foot are fused, luit the inner toe is 
without nail and opposable. The long tail is prehensile in 



304 


MAMMALIA. 


ance with the arboreal life. With respect to the dentition these 
animals are intermediate between the Glirma and HahiMuridcB, 

Fam. Phasoolarctidn. Body stout, unwieldy, head thick, ears large, and 
tail quite rudimeritary. Plimeolavctm ciwrvua Qoldf., Koala. Dentition 
1 14 

c. 7. p. m, m. . New South Wales. 

10 14 


Fam. PhalangistidsB. Of slender form, with prehensile tail. Peta/n^mn 
flarmmtrr Desrn. : P. pygm/pm Desm., scarcely 4 inches long ; PlwXanyuta 
urmui Tonmi . Celehcs ; P. (^THrhoMfinritg) vvlpina Desm. (fig. 686); P. 

•oivei'rlna^ New South Wales; Tar- 
»\pe% rmtratm Gerv. 

Tribe 4. Rapacia (ciimivo- 
rous Marsupials). The den- 
tition presents the characters 
of that of the I'liaectivora and 
Carnivora, Stomach without 
glandular apparatus. The 
ca*cum is but slightly de- 
veloped. Some are climbers, 
some jumpers and runners. 

Fain . Peramelidee (Entomophaga) . 

l>an(li(H)ols. With elongated hind 
legs and jiointed snout, as in the 
Jnxrcf ivora. They dig holes in the 
earth. Paramrlcx immta Geoffr., 
New South Wales. 

Fam. DasyuridsB. Native cats, 
devils, etc. With distinct car- 
nivorous clmracteristics and hairy 
tail, wlii(‘h is not prehensile. 
Nyrmcrohiux faarintux Waterh., 
Marsupial Ant-eater ; Phaarngalr 
jwnictlhtta Temm. Bloixl thirsty 
and hold carnivorous animal of the 
size of a squirrel, in a certain sense 



?S-.; 

Pig. 685.- 


■Trichonnruti cu/piniiH. 


the Weasel of South and West Australia. Ph. Ji(iripn< Waterh., yellow-footed 

24 

Mamipial mouse ; Daxyaru* Geoffr., Dentition: 2 4 • 

New South Wales ; Thylaolmis cynocvplmhix A, Wagn., Tasmanian Wolf. 

Fam. Didelphyidae (Pedimana). Opos.sam.s. Dentition : 


6 1 3 


4 

'3? 


with tolerably pointed snout, large eyes and ears, and usually long prehensile 
tail. The feet have five toes. On the hind fool the inner toe is opposable. 
Pidvlphys rirginiana Shaw ; J). canerirara Gm., Brazil, with completely 
prehensile tail : P. oposmin ; P. philander L. ; P. dorxigera L., Surinam. 
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II.-^PLACEFTALIA. 

I.— Adeciduata. 

Order 3. — Edentata’*^ (Bruta). 

Mammals with incomplete dentition^ nsuxUlt/ with numerous grinders 
without roots ^ and scratching or carried claws on the extremities. 

This group which includes but few geneiu is chai’acterised by the 
relatively low gi*ade of dtivelopnient of all the systems of organs and 
especially by the incomplete dentition, teeth being in exceptional 
ca-i^s altogether wanting. Except in the case of a single Dasypod 
the incisors aiv always absent (lig. 080). When canine teeth are 
present they are small, blunt, and conical. The grinders also are 
weak and of simple structure, being without roots and enamel. 
Many (Vermilinguia and Dastfjxda) are insectivoi‘OUs, others ( 
j)oda) phytophagous. They are all 
sluggish, stupkl animals, with small 
brain without convolutions ; they 
climb or dig holes, and at the 
present time only inhabit the 
southern zones. Exciept the 
African Orgcteropus and the genus 
Manisy which lives in Africa and 
Asia, they are all confined to South 
Amei'ica. 

Fani. Vermilinguia (Ant-caicrs). With very eloiigat(Ml, poifitcd snout, narrow 
mouth, from which the thin, vermiform tongue can bo jirotrudod to a great 
distance. The jaws arc weak. Tet;th are altogether absent, exei*j»t in ()rycte~ 
ropHs, wliieh possesses numerous grindei’s formed of longitudinal hollow fibres 
and scarcely of the hardness of bone. The leg.s are short, sfrong, and adapted 
for digging : they are used for scraping u]) the nests of Ants and Termites. They 
extend their long viscous tongue intf> the ant-lujaps thus broken intf» ; the 
insects bite firmly hold of it, and by the rapid reti action of the tongue become* 
the prey of the Aiit-eater. Myrmnuplunja Juhntn T^.; M. tetrmlaetyla L.. 
{tumandva Desm.), duhwtyhi L., South America. Manh, raiig(»liii ; M. nme- 
Erxl., West coa.st of Africa; M. hrarhyvm Krxl. ami .yVe/Y////>a Desm., 
both found in the East Indies. Oryciertpux c/z/yv/.n-'x CIcolfr., Aardvark of 
South Africa. 

Fum. Basypoda (Armadillos). The b«)dy is covered with lioiiy plates which 

* Th. Bell, Arti(de ‘* Edcntat i,” in Todd’s “ Oyclopa di.i oi Anatomy,” vol. ii. 
18»C. 

W. V. Rat)p, Aiiatomischc Untersuehungen fiber die iMU ritaten, ’ Tfibingen. 



Kio. 08R. — Skull of lirinlifjiiiH tnrquul nut. 
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are arranged in transverse rows on the back and tail, so as to form a movable 
deridal armour (fig. 687). The limbs are short, and with their powerful 
scraping claws are well adapted for burrowing. Incisor teeth are absent, except 
in Dasypns m^xcinctm and in the fossil Chlaniydotkerium, Both jaws have 
small cylindrical grinding teeth, the number of which varies in the different 
forms. They inhabit South America. JDatyputt noveiMinctns L., the long- 
tailed Armadillo, with eight to ten bands ; i>. gigat^ with upwards of a hundred 
teeth ; Chlaviydophorva truncatvs^ Hart, the Pichyciego, in tlie neighbourhood 
of Mendoza. 

Fam. Bradypoda (Sloths). With rounded head (fig. 686) and antcaiorly directed 
eyes, with very long anterior limbs and pectoral mammae. The incisor teeth, 
and sometimes also the canines, are absent ; there are three to four grinders in 
each half of the jaw. The large process on the jugal, descending over the lower 
jaw, is worthy of remark. The Sloths are exclusively arboreal ; they use the 
curved claws at the end of the two or three closely connected digits for hanging 
on to branches during their strong but slow movements. On the ground they 
can only drag' tbemseives along extremely awkwardly and helplessly. The 



Fig. ftS7. — Dokj/puh (jigm. 


body is covered with long and coarse hair, like dry hny. They live in the 
forests of South America. Brddypvxtndactylm C'uv., AV, or three-toed Sl<»th ; 
Br. torqvatuM Til., Ch ohrp it » dl dactyl mt 111., ITiiau, or two-toed Sloth. 

Order 4. — (^etacea.* 

AqvMic Mammnlia irith sj^indle-shaped body which is not cove ml 
with hair : with fiiirlike front limbs and horizontal caudal fin. The 
posterior limbs are absent. 

The Whales repeat the piscine type in the form of their body and 
in the ai-ticulation of their skeleton (Fig. 688). By their whole 
organisation they are true Mammals with warm blood and pulmonary 
respimtion, and they ai*e most nearly allied to the Ungulates, which 
they approach through the Sirenia. Some species attain a colos.sal 

♦ D. F. Esclmcht. ‘*Zo()logis<*h-anafomi.sch-physiologischc Untersnchiingen 
liber die nordisohen Walthicre,'* Leipzig, 1849. 

D. F. E<icbricht og J.lleinhardt. Om Nordhvalen,” Kjobenhavn, 1861. 
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size, that only water can 
carry them, and the sea 
supply them with food. The 
cervical region is not visible 
externally, and the head 
passes directly into the cylin- 
drical trank, whOe the caudal 
end develops a horizontal hn, 
in addition to which there 
is often a fatty fin on the 
dorsal surface. Hairs are 
almost entirely absent in the 
larger forms ; being only re- 
presented by bristle-like 
hairs on the upper lip, which 
are present during the whole 
of life, or only during the 
fojtal period. In the smaller 
species, and in the t^irenia 
there is a sparse covering of 
bristles. On the other hand, 
there is developed beneath 
the thick le4^.thery skin in 
the subdermal cellular tissue 
a considerable layer of fat, 
which to a certain extent 
takes the place of fur, and 
serves both to prevent the 
loss of heat and to lower 
the spefdtic giuvity. The 
head is often elongated into 
the form of a snout, and is 
without an external ear. 
The eyes are strikingly small 
and are often placed near the 
angle of the mouth ; the nasji 
apertures are shifted on to 
the forehead. The anteiior 
li mbs are repi*esented by 
short, externally unjointed 
swimming fins, which can 
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only be moved as a whole. . The hind limbs are wholly wanting as 
external appendages. 

The skull, as compared with the large facial part of the head, 
which is often elongated like a beak, is small and often asymmetrical, 
the right side being the largest. Its bones are separated by 
sutures and loosely connected. The parietals early fuse with the 
interparietals to a single bone. The hard petrous bone remains 
isolated from the other parts of the temporal bone. The nasal 
cavity, in connection with the great development of the premax- 
illaries, is shifted entirely on to the skull. Except in the Sirmiay 
the nasal bones are rudimentary. The jaws are frequently alto- 
gether without teeth. A change of dentition takes place only in 
the Sirenia, In the true Cetacea the dental germs are developed in 
foetal life ; but the teeth either fall out before birth (Whalebone 
Whales), or develope into the permanent teeth (Dolphins). Of 
the hind limbs traces are only sometimes found, as small bones which 
are interpreted as the rudiment of a pelvis ; in Balmna mysticetua 
rudiments of a femur and tibia are also present (fig. 688). The 
single or double nasal aperture is placed more or less’ high up on the 
skull, and leads straight down into the nasal cavities, which descend 
as a paired, but posteriorly single, nasal canal, which at the soft palate 
can be shut ofl* from the pharynx by a sphincter muscle. The view 
that the Whale spouts water through its nasal apertures has been 
proved to be eiToneous. The expired acjueous \'apour condenses 
into a cloud, and gave rise to the illusion that a column of water 
was ejected from the nostrils. The lungs are very spacious ; they 
extend, like the swimming bladders of Fishes, far backward, and play 
an essential part in the inaintainance of the horizontal position 
of the body in water; the diaphragm also has a corresponding 
horizontal position. Saccular dilatations on the aorta and pulmonary 
arteries, as well as the so-called arterial networks may sei*ve as aids 
to respiration during diving. 

The females bear a single (the smaller species rarely two) 
relatively far advanced young, which, however, need the care of the 
mother for a long time after birth. The two teats of the mammae 
lie in the inguinal region, in the Sire^iia on the thorax. 

The Whales usually live together in herds. The smaller species 
frequent the coasts, and even enter the mouths of rivers. The 
larger species prefer the open sea and colder climates. They swim 
with great strength and speed, usually keeping netu* the surface. 
The gigiintic whalebone Whales, whidi are entirel}' without teeth. 



C£TACEA. 


but possess whalebone on the palate, feed on small marine animals, 
nudibnmchiate Molluscs and Medusse. The Dolphins, with their 
uniform carnivorous dentition, feed on larger iishes ; the Sirmict, 
which are intermediate, so far as their form is concerned, between 
the Whales and Seals, are herbivorous. Fossil remains ai-e found 
in the older tertiaries. 

Sul>-order 1. Cetaoea carnivora (True Whales). Either with 
conical teeth in the jaws or with whalebone on the pdate. The 
nasal apertures are placed on the forehead. The larynx projects 
like a pyramid into the posterior nares. The inainnue ai*e placed on 
the inguinal region. The skin is devoid of hairs, and beneath it is 
a thick layer of fat. The limbs are movable at the shoulder 
joint only ; their constituent bones are n’gidly and immovably 
connected. 



Fig. OnO. ' -Delphinun delphitt (r6f?uo liiiimal). 

'Fribe 1. Denticete (Toothed Whjiles), Carnivorous Whales which 
feeil pi’incipally on fish, with (%>nical teeth in both or only in one 
jaw. Dentition imnwplujodont, Jleiid of ]»roportion!it(‘ size. Nasal 
4ipertures often united to a single semilunar opening. 

Fani. Delphinidae. Both jaws with similar ronioal iceth, l)ut not .'ilwsiys 
arnu'd aloiijr thuir wliolc leii.irth. Nasal a|M*rTurt;s united to a semilunar 
spiracle. mmimh Less., Loinmon Porpoise, four to iivo feet loiifr, 

ascends the moir of i*iv(;rs, lives on Fishc'. Iiur<j}»ean seas. lidiujM 
(Th'lvhfHnpfrrmt) (cax Cl ray. White Fish: t,’! >hiitrrp1uitvx t/h'hinpx (’nv., 
Blai K Fi»h, North Atlantic U<*ean ; Dflphinux tlrlplnx L., (Common Dolphin 
{fip. 689). 

Fam. l[oiiodoiitid8B (Narwhu Is). Up^wr jaw wit h < »nly t w< » anteriorly direei t*d 
teeth which in the ‘female are small; but in the mule on<‘ of them (usually that 
of the left side) becomes a colossal, spirally frrf«ovc< I tu^^h. The other small 
teeth of both jaws fall out etirly. Momulon imnmrt ms L., Narwhal. North 
Polar Sea, twenty feet Ion". 

Fam. HyperoodontidfiB. With elongated bcak-likci sn(»ut. ortly one or two 
fully tlevelopcd teeth on t‘ach side in the lower jaw. Faei.'il bones, espesci ally 
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prasmaxillarieB, often asymmetrical Spiracle semilunar. Hyproi^m Udm^ 
Flem., more than twenty feet long, Noith Atlantic Ocean. 

Fam. CatodontidsB—Phyieterito (Sperm-whales). Head of enormous size, 
l)dng one third of the length of the body. Swollen to the extremity by the 
accumulation of fluid fat (spermaceti). Upper jaw without teeth. Bami 
of the lower jaw applied to one another and armed with a row’ of conical 
teeth. Spiracles separate. They live on Cephalopoda. Catodon maeroeephalm 
Lac., Cachelot, forty to sixty feet long, North Sea ; PhyiHer twiwi Gray? 
North Atlantic Ocean. 

Tribe 2. Mysticete (Whalebone, Whales). Head very large, jaws 
without teeth, with whalebone (fig. 673). (Esophagus narrow; 
spiracles separate. 

Fam. Balanides. Cdacva of considerable size, with enormous head, wfde 
slit-like mouth without teeth, and doable nasal openings ; with very small eyes 
near the angle of the mouth. Two rows of horny trausvei'se plates, frayed out 
at tlieir lower edges, arise from the palate and upper jaw. These are the 
whalebone plates. They project vertically into the mouth, are closely packed 
together one behind the other, and decrease in size anteriorly and posteriorly 
They form a kind of si(*vc, which when the huge mouth is closed retains fhc 
small Medum^ Nudibranchs, etc., which arc tiiken in with the sea w’ater, while 
the w’'ater flows out, BaUviwptera^ Rorquals ; Ji, 'mtrata Pnbr,, North Sea ; 
Bahem Greenland Whale, reaches a length of sixty feet. 


Sub-order 2. Cetacea berbivora, Sirenia. With thick, sparsely 
bristled skin, swollen lips, and anterior nasal apertures, with 
pectoral mamiiue. The large fins are movable at the elbow joint, 
and end like hands with traces of nails. Neck distinct. Dentition 
and internal organisation approximate to those of the Ungulates* 
Tlie incisors are replaced. The grinders have a flat crown, and are 
always well developed in l)oth jaws. There are no cfinine teeth. In 
the Dugong there are two tusk-like incisors in the upper jaw’, while 
the lower incisors fall out eiirlv. They feed especially on fuci and 
seaweed on the sea coast. 

Fam. Sirenia. Nasiil openings idaced fur forward, Mamtux Australh 
Tils,, American Manatee. Found at the mouths of the Orinoco and Amazon : 
M, ffvnuijuUnKh Desin., African Manatee; I/alimr indim Desm., Dugong, 
Indian Ocean and Ked to; Bhytim SteUeri Cuv., Htcller’s to-cow, 
extinct. 
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Order 6 . — Pbrissodactyla (Odd-toed Ungulates).* 

Large Vngviatea uauaUy of iinwieldy huild ; the middle digit ie wwre 
developed thtm the others. The stonimh is simple and the ccemm is 
very large. The dentition is usually complete. 

In the earlier tertiary times the Ungulates were already a well- 
defined group, the smaller species of which presented approxima- 
tions to the Insectivora {Micfi*ochoerus) and Rodents. The Ungulata 
are either herbivorous or omnivorous. The dentition is highly 
differentiated ; the gi’inders are traversed by folds of enamel, with 
transverse ridges and short tubeix^les, which are usually worn down 
to an even, masticating aurfaiie. Large chisel-shaped incisors, which, 
however, may fall out or in tlu' lower jaw be completely al)sent, are 
often present. There is always a giip between the incisors and the 
prsemolars. The canines are often absent, or only pi'esent in the 
upper jaw, principally in the males, and then are tninsformed into 
tu^k-like weapons. Even when both upper and lower canines are 
present, they have this siguificnince, and are much larger in the 
male sex. 

Among the many differences wdiicli the Ungulates present in 
their whole organisation and mode of life, the difference in the 
number of hoofs (which corresponds with that of the toes) was 
held to have a special value, and accordingly Multiungulates, 
Biungulates, and Uniungulates were distinguished as separate 
orders. This division was, howevei*, by no means a natural one, 
since it led not only to the union of widely divergent forms as 
Multiungulates, but also to the separation of the Uniungnlates and 
Biungulates from their near allies. The progress of pala*ontological 
knowledge has shown that this divisioi; is untenable. Remains 
of extinct forms, which partly fill up the gaps between members of 
the supposed orders, have been discovered. Accordingly the ordei* (ff 
Multiungulates has been recently broken u}>, and two members of it 
—•the Prohoscidea and the Ifyracoidea — hav‘‘. bcM'ii placed among the 
Decidnata ; and further, two orders foumled njion the odd or even 
number of the toes — a character which hod already been used by 

* Cf. Cuvier, Ilccherchcs snr les ossements fossil^'.." Third uditioii, Paris, 
184(». 

T. Rymer Jouck, Article *• Pachydcrriiata ” in Todd - '■ < VdopKjdia,’' with 
Supplotiieiit by F. Spen<*er Cobbold, IS.*!!). 

W. Kowalevski, *• Monograph ie des Genus Anthivnvn licnoii Cuv., und 
Versuch einer natilrlichen (Classification der fossileu HiilUderc. Palaconto- 
graphica,” 1873. 
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Cuvier^were established; these are the Perisaodmtyla (Pachy- 
dermes k doigts impaires Cuv., and Solidungula Aut.) with an odd 
number of toes, and the Artiodcxtyla with an even number of toes. 
The names do not correspond strictly with the number of the toes 
since there are Perissodactyles — as the Tapir and Eohippm — which 
have four toes on the front feet ; and on the other hand, there 
are Artiodactyles — as AnopAotheriuni tridactyle^ — ^which have three 
toes on both front and hind feet. But, when applied in a limited 
sense with reference to the number of the pillar-like support- 
ing bones of the middle digit or digits, the names are in all cases 
suitable. In the Perissodactyla the unpaired central digit serves as 
the principal support, which in the Artiodactyla is afforded by the 
third and fourth digits which are symmetrical and similar. In most 
Peri88odactyla there are three digits of which the middle one is 
specially strongly developed. The forms which exist at the present 
time are confined to the families of the Tapiridm, the Rhinoceridm^ 
and the Equidm^ of which the last were represented as far back as 
the eocene epoch {AncJdtherium) by forms which constitute con- 
necting links between the Paloiotheridw and Tapiridm on the one 
hand, and the ancestral forms of living horses on the other. 


proboscis. Dentition : 


it? .. n 

3-3 M ^ 


Fam. Tapiridae. Short-haired Unp^ulates of medium size, witli movable, 

ii* =t?. 

3-3 3-3 

front legs end with four (fig. 670 /*.), the hind legs with three digits. 
indwns Desm., East India ; 71 anwricanvh L., South Amenca. 

Fam. Bhinooeridae. Large unwieldy Pachyilerms with one or two epidermal 

■ VI - 0*0 _ 4*4 

p. 


I’he modcrately-long 
Tnpims 


horns on the strongly-arched nasyil bones. Dentition : i, ^ 
3-3 


c. ■ 

11 0-0 


4*4 


tw. 


3.3 


The four incisor teeth are rudimentary, and s«)metimes fall out in old 


age. Rhinoceroses appeared in the mioccnc, and are also found in the pliocene 
and diluvium of Europe. RhiwtfcroH jarantis Cuv., Java; Rh. itumafrensh 
Cuv.; Rh. afrimum Cam]).; R.h. tirhorhinv^f Cuv., with bony nasal septum, and 
hairy skin ; diluvial, found well-jireserved in ice. Rh. Itptorhimts Cuv., upjier 
tertiaries, in Italy and south of France. 

Fam. EquidsD (Solidungula Aut.). Long-limbed, slender Ungulates of con- 
siderable size. The threc-jointe<l middle digit alone treads ujiGu the ground, 
and its strong terminal joint is sunYiundcd by a broad hoof (fig. 690). The 
second and fourth digits are either present as small acces,sory digits (in fossil 
horses), or are reduced to tlicTnetatarsal (motacari)al) bones (splint bones). 

The dentition (tig. 601) consists of six uj)per and six" lower, large chisel- 
shaped incisors, wliich arc arranged in a curved line, and are distinguished by 
the transversely oval pit on their biting suifaces. Canine teeth are as a rule 
present only in the male sex in both jaws, and are small and conical. 

In the fossil fonns there are seven grinders on each side in each jaw ; in the 
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recent species of the BtimUm the number is rednoed to six, but there is a small 
tooth in front of the first pnemolar which soon falls out (Wolfszahn, Bojanus). 
Possill forms first appear in the eocene {OroMpjjm still with a rudimentary 
fifth digit, as well as the three other digits which rested on the gi’ound, and 
AncliUherimiC), They persisted in the miocerie and pliocene (Jlipparion) and 
then pass into the diluvial genus Etpitm, to which the domestic horses of the 
present day belong. Ani*hithermiii Duniasii Gerv. Feet with three digits, middle 




Fio. 800. — Pedal skeleton of difforont genera, of EqnUUe (after Marsli). Foot of OruhipfiH» 
(Eocene); b. Foot of (Lower Miocene ; c, Foot of Ripjm'Um (Jdiocone); 

Foot of the recent genus Squu». 

digit large, remains of fifth metacarj)al on the anterior limbs. I’he grinders are 

m, f4M //mr/Ze Kp., nii(>m Of the soveii grinders, 

7*l Jl’ilj 

the anterior is a simple prism with a semilunar transverse section ; it is lost 
with the milk dentition. AfihallfM. F(K)t eomi'osed of one digit, with 

remains of metatarsals (metacarpals) of mm-oihI and fourth digits (splint 



bones): grinders arc P- 


///. f’?, with remain'^ ..)• an anterior .seventh 
grindlr in the milk detiOom Tto Rcnus is only 'Known 

Tl., AM.„„ 
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species (placed with the sub-genus TlippatiffrU Sm.) are JGL qmgga Qm. 
R tehra L., Zebra; E, BurcltelU Fisch., Burcheirs Zebra. 

Order G. — Artiodactyla (Paridigitata). 

Uny'idates with •paired digits, of which the two outer are •a^mthy 
Tudvmentary, the two middle of equal size and rest on the ground; 
often •without canine and incisor teeth in the upper jaw ; grinders 
always with folds of enanieL 

Home of the Artiodactyla are unwieldly and heavily built, some, are 
slender and graceful animals, sometimes with short, sometimes with 
long limbs ; the former with thick naked skin and a covering of stiff 
bristles, the latter with a thick fur. They walk mainly on the 
third and fourth digits, which are always larger than the two 
external digits, and toucli the ground with their hoofs (fig. 670 c c?). 
The second and fifth digits, when present, may also take part in 
supporting the body, but are usually rudimentary, placed behind, 
and do not reach tlie ground ; they may be reduced to the remains 
of their metatarsals (metacarpals), and not be visible as external 
digits; this is the case with both of them in Amplotherium and with 
the external one in the posterior three-toed limb of Dicotyles, 

The animals belonging to this order may be arranged in two 
series : — the Pachydermata and the Rumhuintia, The Artiodactyla 
were represented in the oldei* tertiaries by forms, which with 
the Palceotheridoi, and perhaps desc^ended from the same source as 
the latter, were the forerunners of the Suida^ and the Buminants. 

Hub-order 1. Artiodactyla pachydermata. With complete dentition, 
always witli canine teeth and simple stomach. The metatarsal 
bones of the middle digits are never ankylosed. 

Film. Anoplotheridae. Dentition with all three kinds of teeth which are 
arranged in a continuous row (/./*., without diastema). Anoplothcrhm emu- 
WHHr Cuv. Fossil. 

Fam. Suids* (Setigera). With close covering of bristles, and a short 
proboscis-like snout. The dentition (fig. <>92) includes all the kinds of teeth, 
but the rows of teeth are not perfectly continuous. The 4 — fi incisors are 
placed ill iin obliquely horizontid position, and fall out in old age. Canines 
usually niucli elongated and triangular, and in the male as powerful weapons 
(tusks). There hre G — 7 grinders with folded enamel in each jaw (on each 
side). Only the two middle digits rest on the ground, while the smaller external 

♦ Herm. v. Nathusius, “ Vorstudien flir Geschichte uiid Zucht der Hausthiere, 
zuniichst am SchweiiuschUdel," Berlin. 18G4 : and *• Die Racen des Schweines,*’ 
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digits axe placed behind (fig. C70 c). Phaetfchcent*! tHkhpicua Cuv., 
Wart-hog, South Africa; PA. AUlianux l\\Xp\}. (^Sus afrivatiug hJ), found from 
Abyssinia to Guinea ; Poreu^ hahyruxxa 1j., Thu Babyrussa, Moluccas ; 
Piootyles, Peccaries. . D. torqnatvH Cuv.; V. lahiattut Cuv., America ; PotaiM 
chasrus afrioanug Schreb. Qarvatuft Fr. Cuv.), South-West Africa ; Sm vuropam 

Pall. (iSf. scrofa L.), Wild Boar. Dentition J.J- P' 




JLs widely distributed from 
India to Western Europe 

and North Africa. Is the * m 

ancestral stock of a great 
number of races of our 
domestic pig ; though on 

the other hand the pigs ^ SlpP 

of China, Cochin-china, ^ 

and Siam, and the Nea- I 

politan, Hungarian, and I 

Amlalusian pigs, the small jfJ 

Biindtner pig and the Peat 

pig 'from the more recent j.,„. eoa.-Skiill of 8m Hri'ofa 

stone period (neolithic) of 

the Swiss lake dwellings are derived (Xatliusius) from a 8i»ecial ancestral 
spodeM os'. Mdiffiu), wliioli is not known witli certainty in the wiki statu, but 
is dlicd to the .S', vitfatun Milll. ScUl. fi’om .lava and Sumatra. 

Fam. Obeia. 0£ unwieldy sliapc. with laixo massive head, and i.ro.ad 
truncated, swollen snout, nijijinjmfiinwi amjiliiHiiK I,. Dentition:— 

. 2-2 fl 4‘1 Sdi 
f. __ r. — p. m. - . w. . . 

//. major Cuv., diluvium of (Neutral and S(»utlu*ni Kurope. 


Sab-oiilt'f 2. Artiodactyla ruminantia.* 






I’j... 093 . -Slv'ull of CV'iT.'K atwiihm'i^. 

grinders aftbrds tolerably constant (bare 

* Cf. especially (». *1. Suiidcvall, MctlKxiischo 1 
kauendeii Thicrc," 2 Tlicilc. 1S47. 

Riitimeycr, Fauna «lcr Pfahlbauten. 

Riitimover, “ Vorsuch ciner naturlichcn (ieschic 
ThuMr. (hr Mnnher ,i(it«r/or^rh. fhxlM'.. lid 


With incomplete den- 
tition (tig. 093), in 
which the upper in- 
^ (!i.sors and winines are 
usually ' not dtsvol- 
) oped. ( )n the other 
' luind thfj’e are eigljt, 
rarely only six shovel- 
shaped incisors in the 
lower jaw. The 
•renend form of the 
iteristics. The quad- 

'clii isicht liber die wiedcr- 


'htc <l<‘s llindcs.*’ In den 
. 22 Miri 22, 
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rangular crown has four chief prominences, which are separated 
by deep valleys, which are not filled with cement, but are sometimes 
furnished with small accessory protuberances. The priemolars are 
small, and have usually only one or two protuberances. The meta> 
tarsal and metacarpal bones are always ankylosed, to form a cannon 
bone (fig. 670<Z). 

The Kuminantia are characterised physiologically and anatomically 
by rumination and by the structure of the stomach and dentition which 
is correlated with this peculiarity. The food always consists mainly 
of vegetable substances, which contain only a small portion of albu- 
minous matter, and must, 
therefore, be eaten in gimt 
quantities. In this relation, 
the division of labour be- 
tween the acquisition and 
reception of food on the one 
hand, and its ma.stication on 
the othei*, is an advantageous 
arrangement, which is foi'e- 
shadowed by the structure 
of tlie stomach of otlier Mam- 
malia. The animal plucks 
and swallows its food while 
moving freely from place to 
plnce. Mild chews end masti- 
cates it when at rest. The 
act of rumination depends 
upon the complicated struc- 
ture of the stomach, which 



runioii ; 
iimi; A. 


if, Tteticulinn ; O, Muii.vplies nr psulter- 
AbnniiiMimi or rouiiot Htoinueli ; Or, 
of a! 80 ])h 9 t^us ; (fJ{, (Ksnphn^ml ^ronvo ; O, bc- 
giiiiiiiiK’ of intestine. 


is divided into four, more lurely into three, pet^uliarly connected 
divisions (fig. (>94). The supi*rlicially masticated, coarse food passes 
through the lateral opening of the o*.sopliageal groove, the lips of 
which are separate from one another, into the first and largest division 
of the stomacli — the j)aunc/t, or rmuvu (fig. 094/^/?). Tlieiice it passes 
into the small rftic/ulniii (//), a small rounded appendage of the rumen, 
w'hich receives its name fi-om the net-like folds of its inner surface. 
After the fcxid is softened by the secretion which is poured into this 
division of the stomach, it a.scends bv a process resembling vomiting 
through the cesophagus into the mouth, and there undergoes a second, 
moi-e thoi'ough mastication ; it is then returned in a semi-liquid form 
through the <esophageal gixiove, which is now closed by the coming 
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together of its lips, into the small third division of the stomach, which 
is called ihQ paalteriuni on account \of the numerous leaf-like folds of 
its inner surface. ’From the [)salterium the food enters the fouith 
stomach — the longitudinally folded rennet stonuich, or ahomctsum, in 
which the digestion takes its further course under the influence of 
the secretion of the numerous peptic glands. In only a few cases, — 
in the Java Musk-deer and the TtjhiMda (Camels and Llamas) — is 
the psalterium absent as a separate division. 

Fam. Tylopoda. Kinuinauts without aoccssoiy dibits, with a callous sole 
covering all three phalanges behind the small hoofs. The ju'semaxillaries bear 
two, in the young animal four or six incisor teeth, while the nuiubcr of the 
lower incisoj’s is redu<*-cd by two. 'i'licre are also sti-orig canines in both jaws. 
Theiv. is no separi'ite psalterium. AHclitmatj lavni L., Llama : A. hua-meo 
H. Sni.; A, Alxxico Oui. : A.-nvugnu Giii. All on the west const oi South America. 

Camehtit tlrfimedarinx L., Dromedary, (Jrinding teeth, || ; (\ hnrfvitinvit L. 
two-huraped Camel of 'rartary, Moug«»lia. 

Fam. Deveza « Camelopardalidse. Ciratfes. With very long neck, long front 
legs ; the hind legs arc much shorter, and, therefore, tlu‘ back slopes backwarda 
Camcloptirdalh Cm., wooded plains of Central Africa. 

Fain. Moschidsa. Smail. slender lluniinants, without horns, with tusk-like, 
stiX)ngly-dcvcIoi)cd upper (tanine teeth in the male. Th(‘ male lais between the 
navel and the penis a glandul.ai’ wie, in which strong-smelling musk accumulates. 
Mosrkus nwKr/ttfrrtfM L., high mountains of Ct*ntral Asia, from Thibet to 
Siberia; TragulmijaruHirux I’all., without musk- bag. Island of Sunda. 

Fam. Gervidse (Dc<'r). Of slendcM' build, with horns in tli<* males, and two 
rudimentary digits. In almost all ca.scs Iherti is a brudi of hairs on the iiwidc of 
the hind fool, which afl'ords a good means of distinguishing deer from the 

antelopes. Upper canines often present iii tlie male. (Grinding teeth : — - 
The horns, wliieli, except in llu* Kciiu leer, are confined to tlui mal<‘, are of 
systematic im|K>rtaiicc : they arc ^olid <hTm;il bones, which are attached to a 
bony process of tlie forehead, and niv detficJied at regular peri wls from the 
thickened circular l)asc. cast off, and renewed. Tlu;y feed on leaves, })uds, and 
shoots. The females have four inamm;e. but usually bear only one young. 
Australia and South Africa only are without Crrcldte. Fossil species first 
ai)pear in the middle tertiaries. (Wi'UKcaprvohtK L., Uoe-deer; C. vhtphni^^ L. 
Red-deer ; C, vanmUm^U i*riss., North America ; (\ rumpextrix Cuv. ; Dmm ntU 
tjariH brook, Fallow-deer; Mrfjarrrox hihvrnhux Ow. {rvryrrrox). extinct Irish 
elk of the diluvium : AJrvx jmlmutnx Klein = ('. ttfoex L., Moose or Elk, in North 
Euro]H*, Russia, and North America: Jlangiffv taravdvx IL. Sm., Reindeer, 
antlers in both sexes, with numerous broadly-projecting prc.ngs ; they are used 
as beasts of burden, and for draught an<l riding, b^^ the Lafis. 

Fam. Cavicornia. Without oanine teeth, Avith ? grimlers and hollow honis ini 

both sexes. All aie gregarious, and most polygamous. 

8ub-fani. Antilopins. Antilopr Licht., (in/.elle, Africa; Striga xuigu 

Wagn., steppes of Asia ; JlippoiraguH equinvx Geoflfr., Blaubock of South 
Africa ; H. ovijx Rlainv. ; //. fuldaj' Wagn,, Africa ; St rrjudcrrox Kudv Gray, 
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Africa ; JBulmlh pyfjarga Sundv., Buntbock, South Africa ;* CatohU^jM^ gn% the 
Gna, |dainR of South Africa ; Jtnpieapra rvpimpra Pall., Chamois, Pyrenees and 
Alps. 

Sub-farn. Oyines. 0H» arwx L., domestic sheep, of which numerous races 
are distributed over the whole earth (German sheep, Haideschnucke, Merino, 
Zackelschaf, Fat-tailed sheep). There was a domesticated race of shee]) in the 
stone a^e. The Houdon, O. vivnimm Hchreb.. and the Argali, O, argali Pall., 
living in Northem and Central Asia have been often regarded as the wild 
ancestral species. Capra ^ Goats, and Ibexes. C. ihex L., Steinbock of the 
Alps ; (\ (egagrm L., Bezoar-goat, Caucasus : C. hircua L., Domestic (roat, 
numerous races, distributed everywhere. 

Sub-fam. Bovine. Omhost mo^ehatm Plain v., Musk-ox of North America; 
Jiuon. ffuropiBm Ow. (improperly called Auerochs) ; 7f. auirrira/ntA (rm. ; 
Bulmlus hajfelaji buffalo ; B. cafferlj. : Pfpplutgnx gru aniens Ij., Yak, 

Thii)et and Mongolia, domesticated; Box gaurux H., Sm., Gaur, East Indies ; 
J9. indioHx L., Zebu ; B. prmigrnhtx Boj., diluvial, lived in Caesar’s time in 
Germany (called ‘’Ur” in the Nibcliingen-Liedc). still pi’eserved in a semi-wild- 
condition in Chillingham Park. Cuvier regarded them as the ancestral form of 
the domestic ox, — B. tanmx L.. — and there can l>c no doubt that the Friesland 
or Holstein ox is to bo referred to B. prhttfgenhtx. Iliitiincyer has recently 
shown that a HC<*ond species, which existed in the diluvial ])enod. Ji. hrarligct rt/g 
Ow., is to 1)0 regarded as the ancestral species of the domestic ox. 


2. DECIDTJATA. 

Order 7. — Proboscidea. 

MuUutuguhifrs of vert/ large size^ in'th long prolnmisy trht^t 
fnnetiona uft a prehensile organ ; v'^ith vowptmnd grinding teeth ^ ami 
tasks in the praanaxilhr. 

The thick liide is folded, and is only sparsely covered with hairs. 
There is a tuft of hairs on the tail. The hetid is short and deep, is 
swollen by chambers in the frontal and parietal bones, and possesses 
a long movable proboscis. The ocinpital region descends abruptly, 
and almost perpendicularly. The perpenilicularly -placed ])ra3maxilhe 
with their hirge rootless tusks, are enormously developed. In the 
Mastodonta. there are also two incisor teeth in the low er jaw, which 
soon fall out in the female, but in the male are retained as tusks. 
There ai’e no canines. Accoixling to the age one, two, or sometijiies 
even three grinding teeth ai*e present in each jaw ; they are com- 
posed of a numlier of parallel dental plates placed behind one another. 
In the genus Elephas these plates are connected with cement, and 
present on the masticatory surfiice transverse rhombic spaces, bounde<l 
by enamel substance. In the Mastodonta the cement is absent, and 
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there are mammillary promineuceA on the masticatoiy surface. 
According to Owen, there are three prsemolars, and the same number 
of molars. There are, however, never more than three, usually only 
two grinding teeth above the gum at the same time ; for the hinder 
teeth, which increase in size and number of lamelliv, only appear 
after the anterior have fallen out. At first each half of the jaw has 
one grinder, behind which a sec^ond is soon cleveloi>e(l. Later on the 
front one is worn out, and falls out, and then a new tooth makes its 
appearance behind the second. The cylindrical limbs end with five 
digits, which are connected as far as tlie small hoofs. The females 
have a two-horned uterus, and two thoracic mamma*. The placentti 
is zontiry. Elephants live together in herds, and inlmbit damp, 
shady places in the hot pirts of Africa and India. Tliey possess 
great intelligence, and when tamed are extremely useful animals. 
They were used even in antiquity as beasts of burden in war, and 
in the chase. 


Fam. ElephantidflB. Eh'phaa tn^Jirun Cuv. The tratisvc'rse spaces ol' llie 
molars in the form of narrow hands, with almost pamllel, finely folded cd^as. 
Head very deep, with C( nicavc forehead and rclat i vely small cMirs. Attains a hei«j:ht. 
of ten to twelve feet. Ceylon and India. Tlie Elepliant of Sumatra. af*cordin«r 
to Temmink, belougs to a special species (/7. primujeniux 

Blumb., Biaromotli. diluvial ; E. (XfMw/m/) Afrtcanuit Blnmb. The transverse 
spaces of the molars arc lozcnf?c-sha|)ed and loss iiiiniorons. Skull less deep. 
Ears very large. C’entral and South Africa. Mastodon ijitjnntwm (Jiiv. 
diluvial in North America. 


The miocene genus Diuotheilum Kp. is, according to its skull, 
closely allied (and therefore included with) the Prolxmidm, Its 
extremities, however, have not yet been found, and the view that it 
is allied to the i^irenla cannot be directly contradicted. Tn the 
dentition there are no incisoi*s in the pricinaxilhe, while there ai*e two 
large downwardly curved tusks in the lower jaw. Grinding teeth 


5 

5 ’ 


with two to three rows of traiisvei’se tnbendes. 


/>. (f'Ujuutvnni Kp. 


Eppelsheim. 

The Lamnungia are usually sepamted as a distinct oi <ler, and are 
placed hejir the Elephants. They are sriial) and resemble the Affovti ; 
in their dentition they are intermediate between the Kodents and 
Pachyderms, and in the formation of their ft^et sliow I’esemblances to 
the Tapirs and have, therefore, often been placed with the Pachyderms. 
Tlie body is clo.sely haired, the front feet have four digits, the 
posterior thi‘ee, all of which are provided with small hoofs. 
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Hjrrax. Dentition : 


1 0 6 ( 8 ) 
20 G (7) 


H, eapeTutif 


Schreb., Daman, Dassy, Hock-mbbit ; H. ayriacns Schreb. (Fig. 696) ; probably 
the Coney (Saphan) of the Old Testament. 


Order 8. Rodentia = Gliees. 

1 ( 2 ) 

WUh freely vmvaUey clawed digits. Dentition with - chisd- 

shaped incisors, grinding teeth with transverse enamel folds, and 
witlmit canines. 


The Rodentia are a large gi-oup of small, active Mammalia. They 
nre easily recognizable by the dentition and structure of the teeth. 

The order, nevertheless, 
includes many forms 
transitional to the Insec- 
tivora. Rodents are plan- 
tigrade animals, with 
freely movable digits, 
which are usually armed 
with claws, only rarely 
with arched nails, or even 
hoof -like nails. They all feed on vegetable, usually hard substances, 
especially on stalks, roots, seeds, and fruits. Only a few are 
(unnivorous. 

There are two large chisel-shaped, 
somewhat curved incisors (tig. 696), 
w'hich possess enamel only on their 
anterior surfaces. The posterior 
siii*face is, therefore, (piickly worn 
away by use, and the more so since 

the arrangement of the narrow^, fio. owj.—Bkuii of Cr<tv/w»r«/j/«n* (after 
laterally eompimsed glenoid cavity 
necessit^ltes an antei-o-posterior 

movement of the low er jaw during mjistiaition. The wmringaway is 
compensated by a projK)i’tionate, continous grow’th of the tooth. The 
giinders, which are separated from the incisors b}*^ a wide gap, possess 
usually transversely arranged folds of enamel, and are only tubercula- 
ted when tlie animal is omnivorous. When these teeth are being used 
the lower jaw is dmwn so far back that the incisors are not nibbed 
against one another, and the lower jaw is moved backwards and 




Fig. 605.— //ynia? njfriaeut. 
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forwards in the longitudinal direction, in correspondence with the 
portion of the transverse folds of enamel. Many of them build 
nests, dig out complicated burrows, and lay up stoi'es for the winter. 
The latter usually possess cheek>pouches. Some fall into a deep 
winter sleep at the cold time of the year, others migrate in large 
docks. They pro<luce numerous young, some of them four or six 
litters in the year, and possess, accordingly, a great number of 
abdominal and thoracic mammae. Uteinis usually completely divided ; 
placenta discoidal. 


Fam. LeporidflB. With long ears, |K»worful hinil legs, and short tail. Den- 


tition : 1 - 

1 0 


_0!) 




0*0 


JK m. 


3 -.I 


3;n 

ivsj 


In the pTannaxilljB there 


are two posterior nceessorj’ incisors {rhijdit‘i4h‘nf(tfa'), Ltpuit timidvx L., 
Hare; L. rariahiJiit I'all. Alpine hare; X. nmh’nhut K., Kabbit ; LuffomijK^ Pikas. 
X. alpinuM F. (hiv., barely a foot in length. Siberia: L. pvinrepa lliehanls. 
Rocky Mountains. 


Fam. Subungulata. 


(Irinders. 

4 


Tile feet have naked swlcs, and end in 


front with four, and hehiiul nsnally with three t.<je8. Ctvna npvren b., Aporea, 
In Brazil and Paraguay ; i'ohtnja Sehreb., the tame (tuiiiea-])ig; (Wlogmyx paca 
L., the Paca, Brazil : Danupvovia a gut} L.. the Agouti : Hijdwelujnruit capghara 
Krxl., the Capybara, four feet in length, tlio largest of living rodents. 

Fam. Aculeata. With short, obtuse snout, and sfiines on the dorsal side of 
the body. Ceroolahv^ prehcit^iVtx L., the Kiiandu, Brazil ; Evrthkon dormtuf* 
L., North Atneriea ; 1/g.drt.r en^tutux li.. Poiviiiiimi, Italy and Spain, 

Fam. Octodontidae. Orfndou (^umimj}} Beiin.. rhili; Mf/opottimux cmjpvx 
Geotf., the Goypu, distributed frnm Brazil to I’atagouia. 

Fam. LagoBtomidae, Chinchillas. Kfionnfx tuu\(jvra Bmin., the (Miinehilla 
Chili : Lagultum (Uivieri Wa^n. ; huijoKtomux trivhodnct glux Brookes, Viskatsr'ha, 
Fam. Dipodaa. .lerbotis. With very long liind legs, which serve hir juniping, 
and largo, usually tufted, jumping tail. Juvuhix luhradortux Wagn.. Hiipfmaus ; 
Dfpus ^Kfn/ptiux llompr. Khrnb., Anahia : 1). xurfltfa Sehixib., Sea of Vral : 
Prdrtrx rnffrr 111.. Cape jumping hare (Springhase), Soiitli .\frica. 


Fam. Hnridee. Mice. (lriiidci>5 : 


.3 


With large eyis and ears, and long 


sometimes tiairy, sometimes rinwd, sealy tail, t^rirftux /rmufutarivx Pall., 
the Hamster; with internal cheek jMmehes ; «'inmtruets subterranean passages 
and chambers, iu which it aeeiimnlates winter ]»rovisions. It passes through a 
slmrt winter sleep, and is very hurtful to corn-liel'ls 1/wx ruttux, T... Hrmse-rat, 
Hlac:k Hat: M. drrumuuux P,ill., tSrey Hat; .1/. uniMculux B., House .Mouse; 
M. miuutux Pall, (pnidullunx) ; Ilydronufx chryxoijustcr (Jeoffr., Australia. 

Fam. Arvicolidae. Voles. With thick, broad ln*ad. motless grinders, short, 
hairy ears and tail. Arncola uuiphihiux L., Water-rai *. A. arrulix Pall., Kicld- 
monse ; -1. agrcftfix B. ; Jiyjwdf/'ux giorrotux Sehr. : Mgodrx lemmux I.., the 
Ijemming, on high mountains of Norway and SwiKh n. known by its inigrations 
in immense flocks before tbc approach of the <*old weather. F\hvr z}hvth\rvx 
L., North Amenca. 

VOL. II. 


1>1 
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Fam. Oeorhyohide. Spalax typhht* Pall., Blindmouse, South East Europe r 
Georhychu* oapenttU Pall. 

4 

Fam. CMtoridn. Beavers. Grinders : -* With flat, scaled swimming-tail* 

4 

Two glandular sacs which secrete the castoreum open into the prepuce. Ctutor 
fiber L., the common Beaver. 

Fam. Kjozidas. Dormice. Connecting links between the Mice and Squirrels. 
Myoamft OIU Schreb., Dormouse ; M, (^Muecardinug) weelltmaHm L. ; JIf. 
(^Eliomye) nitela Schreb. 

Fam. SoiuridsB. Squirrels. Grinders: ^4^. Scinrm mlgaris L., Europe 

4 

and North Asia ; Tamian etriatu* L. ; Pirromyit volam L., Flying Squirrel, 
Siberia; SpermtphilttH East Europe; Arotomye mainmta Schreb., 

the Marmot, Alps; A. hohae Schreb., Poland. 


Order 9. — Insectivora. 

Pkintiyrade Marmiuds 'tvith clawed digits^ with complete dentition^ 
amcdl ccmines, and almrp-pointed grinders. 

Small Mammals, wliich resemble in their appearance different types 
of Rodents, but in structure and mode of life lead to the Carnivom. 
The head ends with a pointed snout, which is often elongated like a 

pi*oboscis. The external ears 
are sometimes large, and some- 
times reduced ; the eyes are 
always small and reduced, and 
sometimes hidden beneath the 
fur. The dentition (fig. 097) 
is especially importiiiit, and re- 
Ku.. a»7.-8iran of insectivorous 

Bats. All the three kinds of teeth are present. The incisors are 
usually of considerable size, Imt of variable number. The canines 
are not always clearly distinguished from the incisors and the front 
grinders. The grinders are numerous, and have shai*ply-tubeK!ulated 
crowns, and are divided into anterior prmmolars, of which the pos- 
terior corresponds to the curnassial tooth of the true Carnivora, and 
into posterior molars, which are characterized by being composed of 
prismatic divisions. All ai'e plantigrades, with naked soles, and 
usually five-toed feet, armed with strong claws. The mammae are 
abdominal ; the placenta is discoidal. They feed on small animals, 
principally on Insects and Worms, which they destroy in great 
numbers, thereby benefitting man. 
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f am. Sriaaottida (Hedjjfehogs). Back covered with stiff bristles and spines, 
which afford a complete protection to the animal when the body is rolled into 
a ball by the action of the strongly-developed cutaneous muscles. JSrimeev^t 

europmii L., Hedgehog, Urchin, with 30 teeth : ?. i. c, p.m. ? ^ 

3oL 3-3 00 ^ 2 2 

3 'ST 

*»• 3 -jj J* about a foot deep in fhe earth and hiber- 

nates. IC.ffmHix Schreb., Oavc Hedgehog; Ceniefet ceandattt» Wagn., Tanrec, 
Mad.agascar ; snout elongated like a proboscis. 

Fam. SoricidSB (Shrews). With proboscis-like snout, soft fur, and tail covered 
with short, hairs. Peculiar glands on tlie sides of the body or at the root of the 
tail give the true Shrews an unpleasant musty smell. Cladnhatvs tana 
Wagn. : CL murinn* Miill. Sehl., Borneo ; Macroxt*elide» h/phvit Smith. 
South Africa. Sor^jr ; with 28 to H3 teeth ; S. nilffaru L., Common Shrew- 
mouse ; S. fodiem Pall., Water Shrew-mouse ; S. pygmunitt Pall. Myogale 
moachata Pall., the nesmnn, as lo'-gc as ihc Hamst<T, South East Kussia. 

Kam. TalpidflB ( Moles). With short. latci*ally-direeted digging feet, soft velvety 

fur, and proboscis. Talpa. Dentition: ~ ? ‘1 I ? f?. c. ^ !• yi.w. 

* ^ 4 I 2 ' i \ 4‘A M ^ 2*2 

7/t. -L1 4*1 Y T. europtm L., Mole, constructs an ingenious subterranean 

4-4 } 

dwelling, which curnmimicaics by a long gallery with the daily multiplying 
burr«^\vs which the animal makes in hunting for food. The nest (umsists of a 
softly-liued centnil eluimbcr and two circular paswjges, of which the upper one 
is tlie smaller, and ctmnmunieaU^s hy three passages with the central chamber-, 
while thehjwer and larger lio.s in the sjimc jjlane as the chamber. Five or six 
comm uni eating jmssages pas.s from the upficr circular passage into the lower, 
from which a number of horizontal ]»assagcs mdiatc, and usually curve round 
and open into the common gallery. T. rafca li., the Blind Mole of South 
Kiii’opc ; Chvgsochlorga immrata Schrt‘b., (*.apc (lolden Mob*; Condglara 
criafafa L., the North American Sbar-uosed Mole ; Sm/opa aqvatirvs L., Water 
Mole, Nortli America. 


Order 10.— Pinmuedia. 

Hair if aquatic Mauiumlia vnth Jive-toed Jm-like faely of which the 
posterior are directed backwards ; with complete dentitimi : without 
catided fin, 

Tlie body is elongated, spindle-shaped, }) 0 .s.so.sHas four tin-like feet, and 
ends with a short conical tail. The head i.s very small in proportioji 
to the body, of globular .shape, with swollen lifw, and usually without 
external ears. The surface of the lx)dy is covered with a short, ljut 
close, smooth fur. The short limVjs end wth broad swimming fins, 
which po8.se.ss tive digits, armed with l)lunt or sharp claws. The 
movements on land are effected in the following way ; the animal 
raises -the anterior part of its body, and throws it forward ; it 



324 


MAMMALIA. 


employs the two front feet as supports to fix the body, and then by 
bending its back drags the hinder part forward. In swimming the 
anterior extremities are applied to the body, and are used as rudders, 
while the hind feet serve as swimming fins. 

The dentition, which is usually complete, indicates a predatory 
mode of life, resembling that of the true Carnivora^ to which ordei* 
the Pinnipedia are also allied in other anatomical characters, as in 
the possession of a two-horned uterus and a zonary placenta. With 
regard to the dentition, however, there are essential diffei'ences between 

3 

the families of the Walruses and Seals. The Seals have ‘ , more 

2 


rarely 


2 

1 


chisel-shaped incisors, small canines in each jaw, and 


5 


grinders, of which one or tw’o are true molars. The Walruses 
have a complete dentition only in the young stage ; the incisors, 


3 1 . 

which at first are are soon reduced to r in the prsemaxilla. The 


canines in the upper jaw are transformed into huge tusks, which are 
used when the animal (^niwls on land to fix the anterior part of the 
body. There are five gidnders in the upper jaw and four in the 
lower, with masti(?atory surfaces which wear away, in course of time, 
obliquely from within outwards. The change of teeth usually takes 
phice during embryonic, life. The Seals live principally on fish ; the 
Walruses on sea-weeds, Crustacea, and Molluscs, the shells of which 
they crush with their grinders. 


Fain. Phocidap (Seals). Piinii]»e(los with complete (Icntition, short canines, 
and jaggcxl molars. HalirhfpruH tinjpiix Nilss., IJtsel. Phova vitulina L.. 

Common Seal, i 'I, ; Ph. granilandica Nilss., Northern Seas ; Ciji^Uipliora 

erhtafa Fnhr., Greenland ; Otaria juhata Forst., Sea-lion of South America ; 
O. {(\illor7ihniii) vr^inn Per., Sva-l)car, (Jreenland. 

Fam. Triehechidee (Will ruses). The upper canines are. larpjc. rootless, down - 
wanlly-diiY'oted tusks. The grinders are at first bluntly pointed, but arc 
gradually worn down, and eventually rcilm-ed to thi*ee in each ramus, wliile in 
the np|Xir jaw thclx^ is an internally place I incisor. Triehechut roxmaruK 1j.. 

Walrus of the Polar Seas. Dentition: . 

2 (0) 0 3 (4) 


Ollier 11 . — Carnivora = Fer.b. 

Carnworoua Mamnmlm with predatory dentition^ vdihout or with 
rudimentary clavicle^ and with Hrongl ywlatred digits. 

The Carnivora are distinguished from the Insectivora by their larger 
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aize, and by theii* genuine carnivorus dentition (iig. 698). The denti- 
tion contains all three kinds of teeth : above and below six small 
incisors with single roots, and at their sides a long, conical pointed 
canine tooth ; then a number of grinders, which are distinguished 
into prsemolars (</. spurii), a carnassial tooth {d. aectorins), and 
molars {d, inolarea). We never find prismatic grinders with needle- 
shaped points on the crown, as in the hisectivora. The compressed 
and sharp-edged pra 3 molars are the least developed ; the charaiiteristic 
carnassial teeth are distinguished by the size of their cutting, usually 
two-or three-toothed crown, and often by the possession of a posterior 
bluiitly-tuberculated lobe (upper carnassial tooth). The lower car- 
nassial tooth is always tlie first molar, while the upptu- is the liist 
prsemolar. The true molai’s have several roots ; they possess bluntly- 
tuberculated crowns, and vary in size and number. The external 
form of the skull and dentition, the high temporal crest of the skull 
for the attachment of 
the large tempoml 
111 usd e, and the marked 
curv^iture of the zygo- 
matic arch for the 
passage of the same, 
thetransvei'se articulai- 
cavity (glenoid cavity) 
of the temporal Ixme, 

Mild the cylindrical 
articular head of the lower jaw, which restricts the motion of the jaw 
to the vertical plane and excludes lateral movements, — are characters 
which are common to all the Carnivora, and coincide with the form 
of the dentition. 

The limbs end with four or five freely-movahlc digits, which are 
armetl with strong cutting (daws (accessory to the dents, 1 ap[»aratus), 
and in the front limbs are also used for seizing tli(^ pnjy. Only a few 
Carnivora,, as the Hears, are true plantigr-ades resting the whole sole 
of the foot on the ground; others, as <lie Virerddfn, only place 
the anterior part of the sole (the digits and mc^timarpals) on the 
ground; the most agile of the Carnivora, on the other bind, are 
ciigitigrade, «.//., the Fdidtb (fig. 699.) The uterus is two-homed, 
the placenta zonary. Most (Uvnwora ha\-c peculiar anal glands, 
whi(!h emit an intense odour. The Carnivora are found in all 
parts of the world, except Australia, where they are replaced by the 
carnivorous Marsupials. Fossil remains fii*st appear in the Eocene. 
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Fam. Uriid» (Bear-like Carnivora). Plantigrades of unwieldy form, with 
elongated snout, and broad, usually quite naked soles, and five digits. Ursus 

L., Bear. Of unwieldy build, with very short tail. Grinders : *2 


t ie. p.m. carnaesml, 11 m. The front grinders fall out early. 

4*4 1*1 2*2 J 

ma/trUimns Desm., Polar Bear, Northern Polar Sea ; U. aretoif L., Brown 
Bear ; Procyon lotor L., Washing Racoon, is wont to dip its food in water. 
North America ; yas^ia rufa Desm., the Ooatimondi (Riisselbar), Brazil ; 
Cercolepteif vaudimh'^nlm 111., the Kinkajou (Wickelbar), Guiana and Peru. 

Fam. Mustelidas (Marten-like Carnivora). Some are plantigrade (Badger), 
some semiplantigrade ; body elongated, with short legs, and five-toed feet with 
non -retractile claws ; only one molar behind the large carnassial. Meles taxve 
J*all., Badger. Mephitie mc»(mu‘la» Licht., Skunk (Stinkthier), North America. 

Gvlio hnrvalh Briss., Glutton ; Mu stela nuirte» L,, Pine-marten, grinders : ^ ^5 


M.foina Briss., House-marten ; M. ziheUna L.. Sable-marten, Sibeiia ; Put(trius 
putoHvs L. ; P. rulyarift L., Weasel ; P. ermiuea 1^., Ermine ; P. lutreola L., 
(Nbrz) ; Lutra ruhjarU Erxl., Common Otter; L. cnnatlenaiit Schreb., North 
America ; Enhyihus marina Erxl.. Sea-oltcr, West islands of North America. 

Fam. Viverridas (Civets). Body elongated, sometimes cat-like, sometimes 
marten-like in form ; with [jointed snout and long tail, which is sonietimes rolled 
up into the form of a ring; they are either plantigrade, serai plantigrade, or 
digitigrade. The feet have five digits, and the claws are usually entirely, or 
half retractile. Half the foot, or only the toes, are placed on the gi'ound. 

Vivrrra zihvtha L. Grinders • j With large glandular sac 4)etwccn the 


anus and external genenitives, in which the oily secretion known as *' (hvet,” 
and used as perfume and for (ixternal api)lication in medicine, accumulates. 
V, ziretta Schreb., the African Civct-cat, domesticated in Egypt and Abyssinia ; 
V. gemtta L., the Genet, South Europe ; lIcrpeateH ichnevmoa L., the Mongoose 
or Ichneumon (I’liaraonsratte). Egypt .and South Euroi)e. 

Fam. CanidsB (Dogs). Digitigrades, with non-retractile claws, five-toed front 

feet, and four-toed hind feet. OtniM lupus (irinders : . In 

4 1 2 ( 1 ) 

Europe, cs[)ecially Noiavay and Sweden, also in Asia ; C. latrans Sm., the 
Prairie Wolf ; C. aureus 1.., the Jackal : C.familiarts I.., Dog Qdavda miistror- 
sum recurvata L."). The numerous races, wliich are known only in the domesti- 
cated and run- wild state, have i;crtainly been derived from more than one ances- 
tral species. C. Tu\pes\^, Fox; C. lay opus L., Polar Fox, gray in summer, 
white in wantcr. 


Fam. HysBnidflB (Hytena-like Carnivora). Digitigrades with sloping back 
which bears a mane of elongated hairs. The dentition rt?scmblcs that of the 
Cats in the small development of the molars, of which there is only one in the 
upper jaw. Ifytena striata Zirnm., tlic striped Hyama of Africa and parts of 

3 11 

India. Grinders 3 j q* f'^oeuta Zimm., the spotted of South Africa. 

Fam. Felidee (Cats). Digitigrades of slender build, adapted for jumjang ,; 
with short jaws, and only few grinders — four in the upper, three in the lower 
jaw. Molars absent, except one small tooth above projecting transversely 
inwards. The canines and o^irnassials are, however, so much the more power- 
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folly developed. The anterior of the two preemolars of the upper jaw is reduced. 
In walking, the last phalanx of each digit is raised vertically, so that it does 
not touch the ground, and the claws are protected from wear. Fells Uo L., 

2 11 

Lion ; grinders, - 7 F, concolor L., Puma ; F, tigris L., Tiger, Asia ; F. onea 
2 10 

L., Jaguar, Paraguay and Uraguay ; F, pardalis L., Panther-cat, Stnith 
America; F.pa/rdns L., Panther or Leopard, Africa and West Asia; F, cat us 
L., Wild Cat, grey, with stripes, and transverse iwirs and vertical pupils. 
Central and Northern Europe ; F, manirulata Rlipp., Nubian C-at ; F, domcstlca 
L., the Domestic Cat, only known in domesticated state, probably descended 
from several species ; OynaUums guttata Herrm., wadjubata Schi-eb. (Gueparde); 
F. scrml L,, Serval, Senegal ; I/ynjr lyux L., with a tuft of hairs on the ear ; 
X. GOfi'oeal Schreb., Asia and Persia. 

' Order 12 . — Chiroptera. 

Mamniah inith complete dentition ; with a flying memlyrane (pato- 
gimii) extending between the limbs and the sides oj the body, (und 
between the ehnyated- fingers of the fore-limb ; with two ihonwio 
ma/mmw. 

Amongst the Mjirsupials (Petaurm), the Rodents (Pteromys), and 
the Prosimice (GaJG 02 >ithecm), there are a number of forms wliich are 
assisted in jumping by a kind of parjtchute, which consists of a 
cutaneous expansion — the patagium — stretchcjd between the limbs 
on each side. The pataginm is much more completely developed in 
the Bats ; in these animals it is continued over the extraordinarily 
elongated tiiigers of the hand, and in virtue of its enormous size 
and its gre^it elasticity constitutes a true organ of llight, which, 
however, differs considenibly from that of birds. The tail is included 
in the pataginm, but the thumb and the f(X)t are separate from 
it (fig. The thumb has two phahinges, and is armed with a 

claw, fis also are the five digits of the foot. Peculiar outgrowths of 
the skin of the head, lobe-like appendagt^s of the nose and ear, often 
give the fai*.e a very stningo expression. Except upon tliese appen- 
dages, and on the thin elastic patagia, both of which have a large 
supply of nei-ves and a delicate sense of toiwdi, the surface of the body 
is closely covered with hair. The skeleton (fig. 699) is light, and 
displays in its structure the Mammalian type; it is, liowever, 
distinguished from that of other Mammalia by the rigidity of the 
thoi*acic framework, and by the length of the strongly developed 
sacrum, with which the ischia ai'e united. The possession of a 
eriata stemi, and the ossification of the sternocostal cartilages, and 
some other peculiarities recall the skeleton of the birds. The 
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femur and crus (middle division of kg) are, unlike the corresponding 
parts of the arm, jery short. A spurlike process, called the codcor, 
projects from the inner side of the ankle-joint, and serves for the 
support of the femoral and caudal part of the patagium. Of the 
sense organs the eyes ai'e relatively slightly developed, but on the 
contrary, the senses of smell, of hearing, and of touch, are, in 
correspondence with the nocturnal habits, of great importance. Spal- 
lanzani has shown that Bats which have been made blind are able 
to avoid all obstacles in their ilight with great skill. The sense of 
hearing is not less developed; it is essentially assisted by a large 



Fi(J. (100.— Skulotoii of IHeropiitt (after Owen, aliKlitly altered). St, Stenmni ; Cl, Clavielc ; 
Scapula ; if, Humenip; 7^ RadiuH; f/, Ulna; Z>, Thunili; J"/, Ilium; P, Pulds ; 
./*, Ischium; Fi', Femur; T, Tibia; F, Fibula. 


pinna, which is provided with special lobes, and can he closed by 
a valve. 

Bats are nocturnal animals, and feed on Insects. Amongst the 
exotic species thei*e are some which attack Birds and Mammals, 
and suck theii* blood (Vampire) ; other, and especially the larger 
species live on fruit. Many fall into a winter sleep. They bear 
only one or two young at a birth, suckle them with their pectoral 
mammary glands, and carry them about during their flight. 

Sub-oider 1. Fmgivora (Fruit-eating Bats). With elongated 
dog-like head, small ears, and short rudimentary tail. The index 
linger, which has thi*ee phalanges, often bears a claw as well as the 
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thumb (fig. 699). The other fingers have two phalanges, and are 
without claws. The dentition has four or two incisoi*s, which often 
fall out, one canine, and four or six grinders with flat, bluntly- 
tuberculated crowns. Tlie preemaxillse are loosely united with one 
another, and with the maxillae. The tongue is beset with a number 
of backwardly-directed, horny spines. They inhabit tlie forests of 
the hot regions of Africa, East India, and Australia. Many of them 
are eaten on account of their well-flavoured flesh. 


Fam. PteropidflB (Flyiii.ir Foxes). The small ears and the nose arc witlnnit 
the cutaneous appendages and valves. PteropuH vdulh Kalong. Fast 

Indies. Dentition : ^ j Uai'piflu cephnloiea Pall., Amboina. 


Sub-order 2. Insectivora (In.sect-eating 
short; the ears are large, and frequently 
covei'ed with valves. Grinding teeth shaiply 
tuberculated or cutting, and composed of 
three-sided pyramids. The thumb alone 
bears a claw. Some of them live on insects ; 
some on the blood of warm-blooded animals. 

Tribe 1. Gymnorhina.' The nose is 
smooth, and without foliaceous appendages. 
The pramaxilla? are firmly ankylosed with 
tlie maxillae. Tlie ears sometimes meet one 
another on the top of the heail, and are 
sometimes widely sepamte ; the valves of 
the ears vary considerably. 


Bats). The snout is 



Fhs. 7n(). 'Head of Phylloifoma 

(Vampjfrut) 

iiitimHi). 


Fam. VespertilionidaB. The long jind Klcndcr tail is cntii’cly included in 
the interfemoral mciiibranc. Plfcotmf avritus L., Ijong-eaved Hat ; Synotv" 
harhaMluH Schreb., the |{iirliiistolIc ; Vrttprrt ilin w^nrinux Sdnc.b. J>eiititi<ni : 

^ ^ i Vi xvvruno nootula Schrel». ; V. p\phfvvllm Schreb. 

Fain. TaphozoidflB. Tail shorter tliaii the iiitrj’fernoral nKonbranc, Jhe)>asc 
of the thumb is within the patagiunu TapluKotts Iriicop/rrutt Teinm., South 
Africa: Urhvrculnia dray, Xew Ze;0;ni.l. 


Tribe 2. Phyllorhina. (Aitaneous appendages ii?-e spmid on and 
over the no.se. They consLsi of a hoi*s<3sliot;-shaped anterior leaf 
(/crrwTH e^uiiiiuYb), a medium saddle {sfdhi)* Jiijd a posterior, usually 
vertical lancet-shaped leaf {lancft) (fig. 700). Tim piwmaxillai ai-e 
not ankylosed with the maxilhe. Ears separated. Fet^d partly on the 
blood of w'arm-blooded Vertebiates, which they attack while sleeping. 
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Fain. Bhinolophito. Ears separated without tragus. Bhimlophnu 
posideros Bechst., small Horseshoe-nose. Rh. ferrwm large 

Horseshoe-nose ; Phyllorhim gigaa Wagn., Guinea. 

Fam. XegadermidsB. The large ears approximated, with long tragus. 
Megaderma lyra Geoffr. ; llhinojjoma microphyUum Geoffr., Egypt. 

Fam. Phyllostomlda. With thick head and long truncated tongue. Nasal 
apparatus usually with upright lancet. Ears almost always separate, with 

2 15 

ear-valve. PhyUostonia hantatum Pall., Brazil. Dentition : 215’ 
pyrm spectrum L., the Vampire of Central America. 


Order 13. — PROSiMiifi (Lemurs). 


Arhorml anim/tJs of the Old World, wUh &)mplete iiMectivordike 

dentition, with hands and pre- 
hensile feet, without a closed 
orbit, and with tltoracic amd 
abdominal mammoe. 

The dentition holdK a posi* 
tion intermediate between that 
of the Carnivora and that of 
the Insectivora. There are 

usually four incisors, of which 
the upper are separated by a 
wide gjip, while the lower pro- 
ject more or less horizontally ; 
there are projecting canines, 
and numerous sharply-tuber- 
culated grinders. The lower 
jaw’ is I’olatively weak, and its 
two rami remain permanently 
separate at the .symphysis. The 
orbits are, indeed, completely 
suri’ounded by a bridge of Ixme, but are not shut off from the 
tempoml fossii as they are in the Apes. In many Lemurs the 
clitoris is perforated by the urethra. Uterus tw'o-horned or 
double. There are usually several pairs of teats. The anterior 
limbs are shoi'ter than the posterior. The great toe, like the 
thumb, is opposable except in GaUopithecua, They thus have 
the hands and prehensile feet of Apes, and also flat nails on the 
extremities of the fingers and toes, except in Gcdeopithecus and 
Chirmnys (fig. 701), which have claws on all the fingers and toes. 



PlO. 701. — (VuroiitjfM HimlmfiMcarit'Htiiii from Vofft 
and Bpoclxt. 
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The second toe of the foot alone forms an exception, lieing armed 
with a long daw. There may, however, be a claw on the middle 
toe. The tail presents great variations in size and development, but 
can never be used as a prehensile tail. The Prosimicn inhabit ex- 
clusively the hot regions of the Old World, principally Madagascar, 
Africa, and South Asia. They are almost all ntxjturnal in their 
habits, climb with great skill, but slowly and lazily, and feed on 
Insects and small Vertebrates. 

Fam. Oal6opitlieoid»=:Bermoptera. With closely-furred patagium, which 
they use as a parachute in jumping. 

Lower incisors pectinated and inclined 
forwards. They arti most nearly allied 
to the Makis; they arc nocturnal in 
their habits, and live ])artly on fruit and 
partly on Insects. During the day they 
sleep in their hiding-places, suspended 
like Bats. GaUopithevm rdlam L., (lui 
tlj'ing Maki, Island of Sunda. 

Fam. ChiromyideB. Willi r<Klent-likc 
dentition, and with elaw-like nails nji 
the fingers and toes. 'Phe large ofiposahle 
great toe of the hind foot alone has a 
flat nail. In the prsemaxilhe and in the 
lower jaw there are two lai*g(‘ rootless 
incisors, which project ohlitpiely for- 
wanls, and, unlike those ol' llodciits, are 
covered with enaTiicI on Isith sides. 

viadaya^airicmth Desrn., the 

Aye-aye, ])ermanent dentition ^ ^ 

(Fig. 701). 

Fam. TarsiidsB (Long-footed aiiiiiials). 

With thick lieiid, largi* (*avs and eyes, 
short snout, much clongtMl proximal tar- 
sal bones (calcaiK;uin and navienlare), 
and 'long tail. Tlio rauUlk- t.Hj as woll g„l„j,o fr.,.n Vogt 

as the second may he armed with a 

claw {^Tarxin»). In their ap))earance they rescnilile tlio Ha7Ail-miec 
MvellanariNs), in their movements the S(|uirrels. Tarxim xperfnnH Geoffr., 
(Gespeiistmaki). 

Fam. Lemuridee. The lower incisors iliretded horistontally forwards. Only 
the second hind toe has a claw-like nail. Sti‘nopn tjreunlix v.d. IJocv., the 
slender Lori, Ceylon ; Xyctirchux tardiyradm L., the unwieldy Lori, Kast 
Indies and Island of Sunda : TAchatndux hrt ciraudtiiuH Geoffr., Indri of 
Madagascar; Propithreux d’Mdenui Wagn., Vlissm.'iki of Madagascar. Lemur 

catta L., macaco L., umiyoz L.. Makis. Madagascar ; Dentitir)ii 1..? | 

2 I j if 

Otolic/lux xenegalenxix Geoffr., the common Galago (Fig. 702), Africa. 
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Order 14. — Pbimates L., Pitheci* (Apes). 

2 

With complete dentition and = chiseUahaped incisora in doaed aeriea 

on eobch aide ; uauaUy with prehenaile feet on the hind limha, and aa a 
rude, with handa on the front limba ; with cloaed orbit and two pectorad 
ma/nimoi. 

The Apes, as a rule, are of slender build, corresponding with their 
quick and easy movements as arboreal animals ; there are, however, 
heavy unwieldy forms, which, as the Baboons (Cynocephalidoe), avoid 
forests and inhabit rocky mountain regions. The body is more or 
less closely covered with hairs, except on the face, which is naked in 
parts, and the callous parts of the buttocks (ischial callosities). The 
hair is often longer in places on the head and trunk, forming tufts 
and manes. The human look of the face depends mainly upon the 
slight i)rominence of the jaws, and is gimtest in the early part of 
life. The facial angle of the adults iiirely exceeds 30° ; but in one 
case, viz., in Chryaothrix acmrea, is almost twice that size. With the 
increase in size of the brain, the cranial capsule becomes rounder, and 
the fora^nen maynum gradually moves from the posterior part on to 
the lower surface. The pinna, of the ear also has a human look, as 
has also the position of the anteriorly directed eyes. The orbits are 
completely closed towards the temi^oral fossce. Further, the mammae 
ai*e two in number and pectoral in position, as in Man. Finally, the 
dentition and the structure of the extremities (fig. 703) are so 
similar to those of Man, tliat he lias been placed in the same order 
as the Apes. There are in each jaw four chisel-shaped incisors, 
which, as in Man, are placed close to one another without any 
interval. There are projecting conical canines, and in the Apes of the 
Old Woi'ld five, in those of the New World six bluntly- tuberculated 
grinders, the form of which indicates that the diet is mainly vege- 
table. The size of the canines, which project almost as much as 
those of the Carnivora, occasions the presence of a considerable gap 
between the caniiu^s and the first pra?molars of the lower jaw. 

The anterior limbs are usually longer than the posterior. A 
(da vide is always present. The forearm permits of a rotation of 
the radius round the ulna, and accordingly of the pronation and 
supination of the hand, the fingers of w^hich, except in the 

* Vrolik.** liei-'herohcs iVauatoraic comp, sur le Chi mpaiizc,” Amsterdam, 1841. 

Cl. L. Ouvcrnoy, Des caracteres aiiatomi(pies dcs grands Hinges pseudo- 
nnthropoinoTplu^s.’' Arvh. tlu Mnttnm, Tom. VIII., ISoC. 

K. Owen, “ Osloology of the Aiithrupomoq>hid!i‘,” Tranmvt. Zool. *Sf*c„ vol. i., 
188.”) ; vol. ii., 1841 ; vol.iii., 1849; vol. iv., 1853. 
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ArctopUhed, have flat or 
arched nails. In structure 
and function the hand is 
considerably inferior to 
that of man. The pelvis 
is long and extended, but 
in the Anthroponiorpha it 
is shorter and more like 
that of man, though it is 
always flatter. The tibia 
and fibula ai*e always 
separate and movable. 
The ppsterior extreinhy 
ends in all cases in a 
well-developed, prehensile 
foot, which, according to 
the osseous structure and 
musculai' anungeiiients, we 
are not justified in cialling 
a hand. The opposable 
hallux always has a. nail, 
while the other toes 
be armed with claws {Arc- 
topithed). By the arrange- 
ment of the hind limbs the 
Apes are admirably adapted 
for climbing and jumping. 
On the other hand tlie}- 
are less fitted foi* walking 
or running upon the foui- 
limbs, in consecpienee of tlje 
position of the foot ; the 
leg is directed oblicpiely 
inwards, so that only tlie 
external edge of the foot 
rests on the ground. The 
gait is, therefore, clumsy, 
except ill the ArntopithecL 
Their movements on the 
boughs and bi'anches of 
trees, which are effected 



Pui. 7<KJ.— Skelet.o!i •iorilla I'tigruo. .S7, Sternum ; 

Scajmla; ; /r, OoraoniU jmujeHH ; 

Cif Clavicle; JEf, HumeruH; R. Radius; Ulna ; 

Sacrum ; Jl, Ilium ; Jn, Isdiium ; Pubis ; 
Ft', Femur ; Pa, Patella ; T, Tibia ; Fi, Fibula ; 
C, Calcaueum ; A, AstraiiraluB. 
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with great ease and stifety, are often assisted hy the long tail, 
which may even act as an accessory prehensile organ. 

Most Apes are gregarious, and live in forests in hot countries. In 

Europe, the precipices of Gibraltar 
are the single resort of a species 
of Ape, the Barbary Ape (Jnuus 
ecaudatu 8 \'vrhv^ is probably African 
in origin, and has elsewhere com- 
pletely vanished from Europe. Only 
a few Apes lead a solitary life; 
most of them live together in large 
companies, which are led by the 
largest and strongest male. They 
feed chiefly on fruits and seeds, 
but also on insects, eggs and birds. 
Tlie females produce only one young 
{more rarely two) at a birth ; they protect and tend their offspring 
with great love. Intellectually the .Pi*imates take with the dogs 
and elephants the highest place amongst Mammalia. 

Suboi-der 1 . Arctopitheci. Marmosets. South American Apes of 
small size, with long hairy tail, and claw-like nails. The great toe is 
opposable, jind has a 
flat nail. The thumb 
is not opposable. In 
the number of teeth 
(thirty-two) they resem- 
ble the apes of the Old 
World, f 1*0111 which, 
howevei*, they differ in 
the fact that the prav 
molars (thi’ee) are more 
numerous than the mo- 
lars (two). Theypioduce 
two or even three young 
at a birth, and feed on Pig. 706.~SkuJl of Sa/ynor orang. 

eggs, insects, and fruit. 

2 1 « 

Fam. HapalidflB. Dental formula jj i 3 2* ^^ftliout prehensile tail. 

Jiapalv Jaochnu (looffr., the Sahui or Ouistiti ; Midas Rosalia L. 




Suboinler 2 . Platyrrhini. Apes of the New World, with broad 
nasal septum, and udth thirty-six teeth f f I "s) 
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The tall is sometimes used as a prehensile organ. The fingex*s and toes 
have arched or fiat nails. The thumb is sometimes reduced, and is 
never opposable to the same extent as the great toe. Cheek poiiclies 
and ischial callosities always absent. 

Fam. PitheeidaB. Apes with lonj!: hairy tail, whieli cannot be used for prehen- 
sion; Pitlieeia Br.azil; v.Hutnb.,New 

Granada; Chry^athrU' nvhnra L., Saimir, Squirrel Monkey, Guiana ; ('nllithrix 
pertonata Gcoffr., east c<»ast of Brazih 





Wit: ,•. 

Fig. l\¥a.--Qot'Ula imgenut from ^'ogt aud SpecUt. 


Pam. CebidflB. Apes with pr«‘h<Misilo tail eoveivd with hair or naked at tlie 
end. raimvinvx L., Sai, Capuchin ; Mtfru panheun 1.., Koaita, Spider* 

inoukey, Bimil ; A. Jiekrhvth (JeofiFr., (iui.Miui : Liiyoihrh' IhmhnWH OeofT., 
Peru. Mycetvg 111., llowiiiifj; Monkeys. M. nhjvr (h*o1Tr., Brazil ; M. Hmindun 1.. 

Suborder 3. Gatairhini. Apes of the (>1(1 World, with narrow' 
nasal septum, and approxirnnted, downwardlx' directed nostrils, with 
^ /o 1 2 1 3\ 

thirty-two teeth (212! 3 /' P”*' 
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hensile, but is in some cases rudimentary, or, as in the Anthropomor- 
2yhidm, entirely absent as an external appendage. 

Fnm. Cynooephalidae. Baboons. Of stout, unwieldy build, with dog*like 
projecting snout. The canine ifeeih arc large like? those of the Oamivftra, There 
are cheek pouches and large ischial c.alJosities. Cynoccphalus haniadryas L. ; 
C. Jiahuin Dcsm., Abyssinia ; C. Gelatla Uiipp., Gclada ; Papio mormon L., 
Mandrill. Africa. i 

Fam. CercppithecidsB. Of slender, light build, with cheek pouches, ischial 
•callositicH. and tail of various length, without terminal tuft. Macatyns Hnums L., 
jind mlvnnx L., India ; M. cynomoigm L.. the .lava Ape ; Rhemm nemostrinus 
<jcofl!r., Bomea and Sumatra ; Inum yglvanuft L., (‘cawlatuy Geoffr., Barbary 
Aj)C, North Africa and Gibraltar ; Cereoplthec.vy F. Cuv., West Africa. ' 

Fam. SenmopithecidsB. With small ischial callosities, without true cheek 
pouches. The thumb is short. S(‘M.nopit.hecuft cnUllwt L., reverenced in the 
indies as llu; hf»ly ape of the Hindoos ; S, ncutionft Cuv., Borneo. 

The African genus (UiUHnut is allied to the Sinunnpithccid<r. from which it is 
distinguished lu’hicipally by the thumb, which is rudimentary, or wantiirg. 
Cololmy (ivf'vrza Wagn., with long pemdent white mane and cnudal tuft, 
Abyssinia. 

Fam. Anthropomorphae. Without tail, with long front limbs, without ischi.al 
callosities [except in the Gibbons] and check jHmehes. The body is closely 
<H)vcrcd with hair on the under side of the trunk and the limbs. Uylohatvy 
har 111., //. yyndaatylm Ouv., Siamaiig, Gibbon. The front limbs are very long, 
reaching to llu; ground. Satyrm Orung L., Orang-Ulang, Bongo. Lives in the 
swampy forests of Boriict). (tw'dhi mgemi = gina J. Geoffr., Gorilla (fig 7o6). 
Lives gregariously in forests on the west cx)ast of Africa (on the Gaboon River) 
and I’caches a lieight of five .and n half to six feet. Troglod gtey nvjvr L., the 
Chim])anzec ; lives in gr<‘at companies in the forests of Gmnc.a, an<l is sai«l to 
build a nest with a roof upon tro(!s. 


Man.^ 

With rejiftou and articulate ftpeech^ with upright gaity with hwnds and 
hroad’Soleflj fthort-toed feet , 

Altlioiigh tlic view, wliicli formerly was so widely held, tha.t Man 
belongs to special natural kingdom, above and outside tlie animal 

* .1. F. Blinnenbm*h, •* l)e generis hum.'inis varictatc nativ.n.” (Jottiiigae, 179r>. 
And. •• Pecas ColU;ctionis su;e craniornrn diverSiirura gentium illustrata,” 
Gottingse, 17r()-lS20. 

.T. C. Bricluird, “ Uesc.'irches into the Physical History of Mankind,*’ 2nd cd. 
London, 1826. 

A. llctr/ms, “ Anthro])ologischo Anfsiit/.e,” iibcrsetzt in Miiller's Archiv. 
Huxley. “On the /ooIogicMl I'clatioiis of man with the lower animals,” Xat. 
Hht, Rer., 1861. 

Huxley. “ IO\rideucc jis to Man’s Place in Nature,” Loudon. J86il. 

C. Vogt, •• Vorlesungen iil^ir dcii Menscihen,’’ etc., Giessen. 1863. 

M. L. Biselioff, •• ITeberdic Vcrsc‘hie<lenheit in der Schadelbilduug des Gorilla, 
Ohimpaiise uiid Orang-Utmig.” etc., MUncheii. 1867. 

Quetelct, ** Antlm>pora6tric.” 1870. 

Friedrich Miillcr, ** AUgmueine Ethnographic.” Wien, 1870. 
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kingdom, may now be completely put on one side as incompatible 
with the spirit and method of natural science, yet there are still 
differences of opinion as to the position of Man in the class of Mam- 
malia, according to the value attributed to the peculiarities of his 
bodily structure. While Cuvier, and more recently Owen and 
others, establish a special order (Biniarut) for Man, other investi- 
gators, as Huxley and his followers, attach a much less importance 
to the characters which separate Man from the anthropoid Apes, and, 
in agieement i^dth Linnjeus, who included Man with the Apes in 
his family of Primates, regard them only as of family value. The 
most important anatomical differences between Man and the Apes 
depend upon the configuration of the skull and the face, the structure 
of the brain, the dentition and the formation of the extremities, the 
arrangement of which, in connection with certain peculiarities of the 
vertebral column, peimit of the upright posture of the body in 
walking. 

The rounded arched form of tlie spacious cranial capsule, the con- 
siderable preponderance of the skull over the face, which is not 
placed in front of the skull as in the anthropoid Apes and in other 
animals, but almost at light angles beneath it, are essential human 
characters, as are the relatively large mass of the brain, the great size 
of the anterior and posterior lol)es, and, finally, the great development 
of the cei*ebral convolutions, which, however, in tlie Apes are aiTanged 
on the same type. 

All these peculiarities, which are of the greatest impoilance for 
the intellectual development of Man, cannot be regarded Jis funda- 
mental distinctions, but must rather be ascribed to gradual deviations, 
since there are still greater difiei*ences between the highest and 
lowest Apes. Efforts have been vainly made to show that certain 
parts, whicli are always present in Apes and other Mammals, are 
absent in Man (j)ra'ma.nlln Blumenbach — Goethe) ; and tlie attempts 
to prove the converse of this, viz., that there are parts of fundamental 
value in the human oi’ganism hippocnvipi minor Owen — Huxley), 

which are found in no other Mammal, have as completely failed. 
Further, the completely continuous row of teeth, interrupted by no 
gap for the opposed canines, a character by which the human denti- 
tion is distinguished from that of the CatorrJmm, is not an exclusive 
human character, but is known in a fossil Ungulate {AnopHotherium ) ; 
while on the other hand similar gaps have been observed, certainly 
only in exceptional cases (Kaihr skull in the Erlangen collection) in 
the human dentition. The prominent chin of Man has indeed the 

22 
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value of a characteristic featui^, although even this is less con- 
spicuous in the negroes ; nevertheless it is obvious that this feature 
cannot be regarded as a character of fundamental importance. 

Far more important are the differences between the limbs of Man 
and those of the anthropoid Apes. The proportions of the individual 
regions are essentially different, although the differences are not 
greater than those which exist between the three species of anthro- 
poid Apes in this respect. While in Man the legs constitute the 
sole support of the body, and greatly surpass the arms in length 
and weight, in the Apes the arms are longer, in various degrees, 
than the legs ; the brachium in Apes being relatively shorter, the 
antebrachium and hand, on the other hand, much longer than in 
Man. In none of the three anthropoid Apes does the hand attain 
the perfection of the human hand ; that of the Gorilla approaches it 
most nearly, but is clumsier, heavier, and has a shorter thumb. The 
foot also of the Apes is relatively very long, and is prehensile, the 
sole being more or less turned inwards. With regal'd to the arrange- 
ment of the bones and muscles, the human foot differs essentially 
from a true hand, but not from the prehensile foot of the Apes. The 
human foot presents a number of features, which are peculiar to Man, 
and are an essential condition of the maintenance of the upright 
posture ; these are the large and strong, but non-opposable, gi’eat toe, 
the arched instep (articulation of the tarsal and metatarsal bones), 
and the horizontal position of the sole upon the ground. With these 
peculiarities of the foot are correlated the large development of the 
calf muscle, the form of the broad sljovel-shaped pelvis, the foi*m of 
the thorax, and the double curvature of the vertebral column. 
However high a value we may concede to the form of the head, the 
development of the brain and the upright position of the body, and 
the upright gait, yet it is undeniable that Man and the Apas ai'e 
built upon the same type. 

The most important consideration which induced the older 
naturalists to assign to man an entirely special place outside the 
animal kingdom, is his high intellectual development, which, founded 
on the possession of articulate speech, has elevated him to a reason- 
able being, capable of almost unlimited perfection. In fact, it were 
foolish to deny the great gap which, in this relation, separates Man 
from the highest beast. Nevertheless, if we examine without pre- 
judice the intellectual development of the individual in early life, 
and of civilised humanity since the first dawn of culture, and if we 
subject the intellectual peculiarities of the higher animals to a com- 
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parative investigation, we shall reach with Wundt the conclusion that 
the mind of Man differs from that of the beasts only in the degree 
of development which it attained. 

The origin of Man and his early history are hidden in complete 
obscurity, but the view that he has existed for only a few centuries 
on the earth is completely contradicted by antiquarian and geological 
investigations. The simultaneous appearance of the remains of 
human bones (skulls of Engis and of the Neanderthal) and of 
^tone implements, with the skeletal remains of extinct animals 
{Mammoth^ Rhinoceros tichorhlnus) of the diluvial period, proves the 
great antiquity of the human race. Man certainly existed in the 
pleistocene period, but possibly also at the beginning of the tertiary 
epoch. There are, however, at the present time, no definite facts 
with regard to his origin j * the view, that the highest form of life 
has also originated by the process of natural selection from one of the 
lower forms of Primates, is only a deduction from the Darwinian 
theory. 

The question as to the unity of the species of Man,* which may be 
answered in different ways jiccording to the different conceptions of 
species, may remain undiscussed, sinc^e from the impossibility of draw- 
ing a distinct line between species and race, a definite (conclusion is 
impossible. Blumenbach, at the end of the last century, distinguished 
five races of men, and characterised them by the form of the head 
and skulls, by the colour of the skin, and the structure of the hair. 

1. The Caucasian race, with white skin, fair or dark hair, globular 
skull, high forehead, vertically placed teeth, narrow nose, and long 
oval face. Inhabitants of Europe, West Asia, and North Africa. 
To this race belong the Indotjer manic peoples (Germans, Celts, 
Hind(K)s, Iranians, etc.); the Semitic i)eoples (Jews, Arabs, Berber., 
etc.) ; and the Slavs. 

2. The Mongolian race, with yellowish skin, almost quadrangular 
short head, narrow, flat forehead, small nose, projecting (;heekl)ones, 
and broad ftme, with oblique eye^ (from above and outside to below 
and inside), stiif, bhick hair. They inhaiat parts of Asia, Lapland, 
and North America (Eskimos). 

3. The Ethiopian race, witli black skin and close, crisp, curly hair, 
with narrow elongated skull, and prominent jaws with oblique 

♦ Cf. Ch. Darwin, ‘‘The descent of Man, and selection in relation to sex.” 
London: Jolui Murray, vol. i. and ii.. 1871. 

Cf. Th. Wait'/, ** Antliropologie der Naturvolker,” fortgesetzt von Oerland, 
Leipzig, i85!l>ls72. 
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alveolar portion ; with thick lips, short flat nose, retreating forehead 
and chin (facial angle only 75°), They inhabit Oentral and South 
Africa (Negroes, Elaffirs, etc.). 

4. The American race, with brown-yellow or copper-red skin, with 
stiff black hair, deep-set eyes, projecting cheek bones, and broad 
face. The forehead is narrow, the nose short, but projecting. They 
inhabit America. 

5. The Malayan race, with yellow-brown to black skin, with close 
black loose hair, broad thick nose, tumed-up lips and projecting jaws. 
They inhabit Australia and the East Indian Archipelago. 

Cuvier recognised only the white, or Caucasian, the yellow, or 
Mongolian, and the black, or Ethiopian races as such ; and in dis- 
tinguishing them he hud great stress on differences in language and 
capability of civilization. The efforts of the modern Anthropologists 
to found a better and more natural division of races and stocks are 
based, according to the works of Retziiis, principally on the value of 
the dimensions of the skulls, for the measurement of wliich a number 
of methods have been invented. Retzius distinguishes according to 
the diffei*ent forms of the face and skull, the long-heads, or DoUcho- 
cepludi (9 : 7), and short heads or JSrnchycqthali (8 : 7) ; and further, 
according to the disposition of the jaws and teeth, the Orthognathi 
and the Prognathi, The people of Europe are orthognathous, and in 
great part, the Celts and Germans excepted, brachycephalic. 
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Hyperodapedon, 219. 
Hyperoodon, 310. 
Hypobythius, 101. 
"^Tiypophysis, 283. 
Hyporhadhis, 238. 
Hypostomus, 170. 
Hypsiprymnus, 303. 
Hypudaeus, 321. 

Hyrax, 820. 

Hystrix, 321. 

Ibex, 318. 

Ibis, 258. 

Ichneumon, 326. 
IchthyodoTulites, 158. 
Ichthyoidea, 189. 
Ichthyopsida, 129. 
Ichthyornis, 245. 
Ichthyosaurus, 223. 
Idmonea, 79. 

Iguana, 219. 

Ilium, 114. 

ImpeniiCH, 256. 
Inarticulata, 84. 
Incisors, 28(i. 

Incus, 277. 
Indogermanic, 339. 
Iiidri, 331. 

Incptw, 263. 
Infundibula, 290. 
Insectivora, 322. 
Insectivt)ra (bats), 329. 
lusessores, 264. 
Interparietal, 276. 
Inuus, 336. 

Iranians, 339. 

Irish elk, 317. 

Ischium, 115. 

Isocardia. 27. 

Jacamar, 263. 

Jacarc, 225. 

Jackal, 326. 

Jackdaw, 266. 
Jacobson’s organ. 200. 
Jaculus, 321. 

Jaguar, 327. 

Janthina, 47. 

Jay, 266. 

Jerboa, 821. 


IKBBS:. 

Jer-falcon, 269. 

Jews, 339. 

Jugal, 118. 

Jugular process, 276. 
Jugular vein, 146. 
Julis, 171. 

Jumping hare, 321. 


Kaffirs, 340. 

Kakapos, 264. 

Kangaroo, 303. 
Karausche, 169. 

Kestrel, 269. 

Kidney, 126. 

Kingfisher, 265. 
King-Penguin, 256. 
Kinkajou, 326. 

Kite, 269. 

Kiwi, 271. 

Koaita. 335. 

Koala, 304. 

Kowalevskia, 100. 
Krallenfrosch. 194. 

1 Kreuzifrdtc, 195. 
j Kreuzotter, 214. 

! Kiiandu. 321. 

Kudu, 817. 

Laberdan, 170. 

Labia majoraet minora, 
294. 

Labrax, 171. 

Labrus, 171. 
Labyrinthici, 173. 
I.iabyrintliodoii, 188. 
Labvrinthodonta, 187, 

, 188. 

. Lacerta, 220. 

! Lacertilia, 214. 
Lachrymal, 198. 
Lagidium, 321. 

Lagopns, 261. 
Lagostomus, 321. 
Lagothrix, 335. 
Lamcllibranchiata, 15. 

I Lamelliro.stres, 257. 

; Lamina ciibrosa, 277. 

„ papyiwea, 277. 
„ iHjrpendicularis, 
277, 

Laminiplantar, 238. 
Laminergeicr, 269. 
Lamna, 162. 
Lamnuugia, 319. 
Lamprey, 157, 

Lancelet. 153. 

Lanius, 267. 

Lark, 268. 

Larus, 257. 

Larynx, 124. 


Lateral line, 181. 

„ ventricles, 120. 
Lebias, 170. 

Leguana, 218. 
Lemming, 321. 

Lemur, 831. 

Lemurs, 830. 
Lepidoidas, 168. 
Lepidosauria, 207. 
Lepidosiren, 176. 
Lepidosteus, 166. 
Lepralia, 80. 
Leptocardii, 150. 
Leptoptilus, 259. 
Lepus, 321. 

Lestris, 267. 

Leuciscus, 169. 
Levirostres, 266. 
Lichanotus, 331. 

Lima, 26. 

IJmaponta, 53. 

Limax, 40, 52. 
Limnaeus, 51. 

Limpets, 46. 

Lingula, 84. 

Lion, 327. 

LiopUis, 212. 
Lithodomus. 26, 
Littorina, 47. 

Lizards, 214. 

Llama, 317. 

Loach, 169. 

Loligo, 70. 

Lojfiiiura, 219. 

Lophius, 173. 
Lophobranchii, 167. 
Lophophore, 92. 
Lophophonis, 261. 
Lophopoda. 78. 
Lophopus, 78. 
Lophornis, 265. 

Lori, 331. 

Loricata, 223, 

Lota, 170. 

Lottia, 45. 

Love-bird, 264. 

Loxia, 268. 

Loxosoma, 78. 

Lucina, 27. 

Lucioperca, 171. 
Lumbar, 114. 

Lunula, 19. 

Luscinia. 268. 

Lutra, 326. 

Lutraria, 28. 

Lymph, 125. 
Lymphatic, 125. 

Lynx, 264, 327. 
Lyre-bird, 268. 

Macacus, 336. 
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Maooaw, 264. 

Machetes, 258. 

Mackerel, 172. 
Macropodu, 803. 
Macropus, 303. 
Macroscelides, 323. 
Mactra, 28. 

Magilus, 43. 

Magpie, 266. 

Maki, 331. 

Malawpterygian, 168. 
MalapteruruB, 170. 
Malayan race, 340. 
Malleus, 26, 2.77. 
Mammalia, 273. 
Mammoth, 310. 

Man, 336. 

Manatee. 310. 

Manatus, 310. 

Mandrill, 336. 

Mania, 305. 

Mantle, 10. 

Manus, 115. 

Marabu, 259. 
Margaritana, 27. 
Marmosets, 331. 
Marmot, 322. 
Marsipobranchii, 153. 
Marsupialia, 301. 
Marten. 32(5. 

Martin, 26(5. 

Mastodon, .310. 
Mastodonsaunis, IS 7. 
Mastoid, 117. 27(5. 
Mataraata, 220. 

Maxilla, IIS. 

Meadow- Pi] )it, 267. 
Medulla oblungsita, 120. 
Megacephaloii. 2(51. 
Megaccros, 317. 
Megaderma. 33(i. 
M^apcnlius, 261. 
Meleagrina, 2(5. 
Meleagris, 261. 

Melcs, 32(5. 

Meliphagu, 2(5.", 
Melopsittiicus, 2(54. 
Membranipoia, SO. 
Menobranohiis. 100. 
Menopoma. 191. 

Menura, 268. 

Mephitis, 326. 

Mergus, 267. 

Merluccius, l7o. 

Merops, 265. 
Mesonephros, 1S4. 
Metacarpus. 115. 
Metapterygoid. 135. 
Metatarsus, 115. 

Mice, 321. 

Midas, 334. 


Migration of buds, 256. 
Miller’s thumb, 172. 
MIItus, 269. 

Minnow, 169. 

Mim, 272. 

Molars, 287. 

Mole, 323. 

Molidse, 168. 

Mollusca, 9. 
Molluscoidca, 71. 
Mongolian race, 339. 
Mongoose, 326. 

Monitor, 220. 
Monk-fish. 162. 
Monodon, 309. 
Monopneumona, 175. 
Moiiotremata, 3(K1. 
Moorhen, 259. 

Moost'., 317. 

Mormon, 257. 
MoHasauru.s, 217. 
Moschus, 317. 

Motacilla. 267. 

Mouhon, 318. 
Mound-birds, 261. 
Mouse, 321. 

Mud-fishes. 173. 
Mullerian <liiet, 148. 
Mullet, 172. 

Mullus, 172. 

Murjcna, 168. 

Mu rex, 40, 47. 

Muh, 321. 

Mnscaixliims, 322. 
Muscicapji, 267. 
Musk-ox, 318. 
Musophaga, 2(54. 
Mussels, 2(5. 

?>lustela, 326. 

I Mustelus, ](52. 

1 Mya, 28. 

Mycetes, 335. 

Mycteria, 269. 
Myliobates, 163. 
Myobatrachus, 194. 
Myfjdes, 321. 

Myogale, 323. 
Myopotamu.s, 321. 
Mj'^opsidse, 70. 
Myrmccobius, 304. 
Mynnecophaga. 306. 
Mystaciua, 329. 
Mysticete, 310. 
Mystriosaurns, 224. 
Myoxus, 322. 

Mytilus, 26. 

Myxa, 245. 

Myxiiie, 167. 

Nacella, 45. 

Nails, 274. 


Naja, 213. 

Najades, 27. 

Narcine, 163. 

Narcs perviK>, 245. 
Narwhals, 309. 

Nasal, 117. 

Nasling, 169. 

Nassa, 47. 

Nasua, 326. 

Natatoi’es, 255. 

Nates, 18. 

Natica, 48. 

Native cats, 304. 

Native devils, 304. 
Nautilus, 69. 

Navicella, 47. 
Neanderthul skull, 339. 
Ncctarinia, 265. 

Negroes, 340. 

Ne6phi*on, 269. 

Norita, 47. 

I Nestor. 264. 

' Neumpophysis, 111. 
Newt, 191. 

Nictitiiting membrane, 
180. 

Nightingale, 268. 

1 Niiic-ey(s 167. 

Nisus, 2(59. 

Notliosanrii, 223. 
Nothosaurus, 223. 
Notidarms, 1(52, 

I Notochord, 110. 

! Notodelphys, 195. 

! Niidibranehiata, 52. 
Numciiiiis, 258. 

Numida, 261. 

Nuthatch, 267. 

Nyctea, 269. 

Nyctieebus, 331. 
Nyctipithecus, 335. 
Nymphicus, 264. 

I Obesa, 316. 

I Occipital, 116. 
i Octacnemus, 101. 
j Oetodon, 321. 

1 Oetolicniis, 331. 

I Odontoid process, 278. 

! (klontornithes, 245, 

! OctuiKxla, 70. 

Ocbjpus, 70. 
OedicnemuH, 258. 
j Oicophocercja, 100. 
Oigopsidre, 70. 
Oikopleura, 100. 
Olecranon, 280. 

Oliva, 43, 47. • 

Olme, 190. 

I Omnuistrephcs, 70. 
j Onchidium, 51. 
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Onychoteuthis, 90. 
Operculum, 32, 136. 
OpUdia, 207. 

Ophidium, 170. 
Ophisaurus, 220. 
OpisChobranchiata, 52. 
Opisthocomidee, 261. 
Opistboglypha, 209, 212. 
Opistbotic, 134. 
Opossum, 304. 
Opoterodonta, 208, 211. 
Optic lobes, 179. 

Optic tbalami, 120. 
Oraug-utang, 336. 
Orbitospbenoid, 117. ’ 
Oriole, 266. 

Oriolus, 266. 

Ormer, 46. 

Omithorhynebus, 301. 
Ornithoscelida, 220. 
Orohippus, 313. 
OrtbagoriHCUH, 168. 
Orthidae, 86. 

Orthoceras, 69. 
Orthognathi. 340. 
Orycteropus, 306. 
Oacines. 266. 

Osprey, 269. 

Ostracion, 168. 

Ostrea, 25. 

Ostrich, 270. 

Otaria, 324. 

Otis, 269. 

Otter, 326. 

Otus, 269. 

Ouisliti, 334. 

Ovibos, 31 8. 

Ovis, 318. 

Owls, 269. 

Oxpecker, 267. 
Oxydactylia, 194. 
Oxyrhopus, 212. 

Oyster, 26. 

Paca, 321. 

Pachyderms, 312. 
Pagellua, 172. 
Palsooniis, 256, 264. 
Palamedca, 259. 
Palapteryx, 256, 272. 
Palatine, 118. 
Palato-quadmte, 117. 
Palndicclla, 79. 
Paludina, 41, 47. 
Palumbieuas, 262. 
Palanibus, 262. 
Pandion, 269. 

Pangolin, 306. 

Panizzpe, foramen, 203. 
Panther, 327. 
Panther-cat, 327. 


PanzerwelB, 170. 

Papio, 836. 
Paradise-birds, 266. 
Paradiseidae, 266. 
Paramastoid process, 2 7 6. 
Parapterum, 240. 
Parasphenoid, 185. 
Paridigitata, 314. . 
Parietal, 116. 
Parmophorus, 46. 

Parotic process, 215. 
Parra, 259. 

Parrakeets, 264. 
Parrot-fish, 171. 

Parrots, 264. 

Partridge, 261. 

Parus, 267. 

Passer, 268. 

Passeres, 264. 

Pastinaca, 163, 

Pastor, 267. 

Patella, 46, 280. 

Paunch, 316. 

Pavo, 261. 

Pearl-mussel, 26. 
Peat-pig, 315. 

Peccary, 316. 

I*ecten, 2f{, 244. 
Pectoral, 114. 
Pectunculus, 27. 

Pedetes, 321. 
Pediccllina, 78. 
Pediculati, 173, 
Petlimana, 3o4. 

Pegasus, 167. 

Pelamys, 172. 

Pelecanus, 257. 
l»elias, 21.3. 

Pelican, 257. 

Pelolwites, 196. 

Pelvic, 114. 

Penelope. 261. 

I^enguius, 266. 

Pcimse, 239. 

PentaincTus, 86. 
Peranicles, 304. 

Perea, 171. 

Perch, 171. 

Perch, climbing, 173. 
Perdrix, 261. 
Peregrine-falcon, 269, 
PerisKodaetyla, 311. 
Peristoma, 32. 

Pernis, 269. 

Peronia, 51. 

Perophora, 101. 

Pcs, 11.6. 

Pes, avian. 241. 
Petaurus, 304. 

Petrel, 267. 
Petromyzon, 167. 


Petrosal, 117. 
PezopoTus, 264 . 
Phacochserus, 316. 
PhaSton, 267. 
Pbaetbornis, 265. 
Phalangella, 79. 
Phalanges, 116. 
Pbalangista, 304. 
Phallusia, 101. 
Pharaonsiatte, 826. 
Pbaryugealealia, 137. 
Pharyngobranchial, 13 
Pharyngognatbi, 171 . 
Phascogale, 304. 
Phascolarctus, 304. 
Pbascolomys, 303. 
Phasianus, 261. 
Pheasant, 261. 

Philine, 62. 

Philoncxis, 66, 70. 
Phlebenterata, 36, 63. 
Phoca, 324. 

Phocajna. 309. 
Phoenicoptcrus, 267. 
Pholas, 28. 

Phoxinus, 169. 
Phrynocophalus, 219. 
Phrynosoma, 219. 
Phylactolromata, 78. 
Phylidiidjv, 63. 
Phyliirhoe. 53. 
Phyllomedusa, 196. 
Phyllopncusto, 268. 
PhyJlorhina, 329, 330. 
Phyllostoma, 330. 
Pbysa, 61. 

Physeter, 310. 
Physostomi, 168. 

Pica, 266. 

Pichyciego, 306. 
PicuiuR, 264. 

Picus, 264. 

IMddock, 28. 

Pigeons. 261. 

Pika, 321. 

Pike, 169. 
Pine-marten, 326. 
Pinna, 26. 

Pinnipedia, 323. 

Pi}m, 194. 

Pipe-fish, 167. 

Pijjra, 267. 

Pisces, 129. 

Pisidium, 27. 

Pith, 238. 

Pitheci, 332. 

Pithecia, 335. 
Placenta, 296. 

Placoid, 131. 
Placophora, 44. 
Placuna, 26. 
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Plagioatomi, 161. 
Plagiotremata, 207. 
Plaice, 171. 
Plaintaia-cater, 2(>4. 
PlanorbiB, 51. 

Plastron, 225. 

Platalea, 258. 

Platurus, 213.. 
PlatyccTcus, 264. 
Platydactylus, 218. 
Platypus, 301. 
Platyrrhini, 334. 
Plecotus, 329. 
Plectognathi, 167. 
Plesiosaurus, 223. 
Pleiiracaii thus, 1 1 . 
Pleural ganglia, 33. 
Pleui’apophysis, 111. 
Pleurobraiichieu, 52. 
PleurobraiichuB, 52. 
Pleurodont, 201. 
Plcuronectes, 171. 
Pleurotoma, 47. 

Plica sennlunai’is, 284. 
Plictolophus, 264. 
Ploceus, 268. 
l*lovers, 258. 

Plumse, 239. 

Pluniatella, 78. 
Pneumatic duct, 1 43. 
I*ueunuKiermon, 66. 
Podiceps, 267. 

PcEpliagus, 318. 
Poikilollicrniic, 230. 
Polychrns, 219. 
Polydinidaj, 101. 
Polyoduu, 166. 

Polypid, 73. 

Polypterus, 106. 

Polyzoa, 71. 
PomaceiJtru.s, 171. 

Pons varolii, 283. 

Pope, 171. 

Porb^glc, 162. 
Porcupine, 321. 

Porous, 315. 

Porpoise, 309. 

Portal, 146. 
l*otamochajru.s, 315. 
Prsscoccs, 252. 
I’r 80 conicoid, 111. 
Praefrontal, IS.'i. 
Prjcmaxilla, 118. 
Praemolars, 287. 
Praesphenoid, 117. 
Prepuce, 293. 

I*rcy, birds of, 268. 
Inmates, 332. 
l^imordial cranium, 115. 
Pristis, 163. 

Probuscidca, 318. 


Procaelia, 225. 
Procellaria, 257. 
Pro(7es8us falciformis, 
139. 

l*rocyon, 326. 

Productus, 85. 
Prognathi, 340. 
Pronephros, 15\5. 

Prootic, 135. 
Propithecus, 331. 
Prosimise, 330. 
Prosobranebiata, 43. 
Ih’ostates, 292. 
Protcroglypha, 209, 212. 
Proterowiuria, 220. 
Proterosaurus, 207. 
Proteus, 190. 
Ih‘<)to])teru8, 176. 
Psalterium, 317. 
L'sammophis, 212. 
Psammosaurus, 220. 
Pseudis, 195. 
Pscudobranch, 145. 
Pseudopus, 220. 
Psittacula, 264. 
Psittacus, 264. 

Psopliia, 259. 
Pteiioglossa, 47. 
l^tenchtliys, 149. 
Pten»eoras, 48. 

Pteroclcs, 261. 
Pterodactyl. 221. 
Pterodactylus. 221. 

I l*teroglossus, 263. 
Pteroinys, 322. 
Pteropoda, 53. 

PteropuB, 329. 
Pttu'osauria, 221. 
Pterotic, 135. 
l*terotracliea, 50. 
Pterygoid, 118. 

Ptcryla*. 239. 
Ptycliopleurjc, 220. 
l*tyeliozon, 218. 

Pubis, 115. 
i’uff-binl. 263. 

Puttiii, 257. 

Pulmoiuita, 50. 

Puma, 327. 

Pupa, 52. 

Purpura, 40, 47. 
Putorius. 326. 
Pycno<lonta, 363. 
Pygopus, 214, 220. 
Pygostyle, 235. 

Pvloric appendages, 
142. 

l*ylorie valve, 289. 
Pyrosoma, 103. 
Pyrrhula, 268. 

1 Python, 212. 


Quadrate, 135. 

Quagga, 314. 

Quail, 261. 

Quesal, 263. 

Quill, 238. 

Rabbit, 321. 

Racoon, 326. 

Radius, 115. 

Radula, 86. 

Raja, 163. 

Rajidie, 163. 

Raj ides, 163. 

Rails, 259. 

Rallus, 259. 

Rana, 195. 

Rauella, 48. 

Rangifer, 317. 

Rapacia, 304. 
Raptat^re, 268. 

Rasores, 2C0. 

Rat, 321. 
llatitie, 270. 
Rattlesnake, 214. 
Raven, 266. 

Rays, 163. 

Razorbill. 257. 
Reetriex's, 232. 
U(*eiirvirostra, 258. 
Red-deer, 317. 

Redwing, 268. 

Reek, 272. 

Ib'guliis, 268. 

Reindeer, 317. 

Uomigt^H, 239. 
Roiiai-portal, 146. 
Rennet stonmeh, 317. 
Reptilia, 195t 
Resident Riids, 255. 
Retepora, 80. 
Reticulum, 316. 
Rhaehiglossa, 47. 
Rhaebis, 238. 
Rbamphastus, 263. 
Rhamjibodon, 265. 
Rlmmphorbyiicbus, 221 
Rh<'imphostoma, 225. 
Rhea, 270. 

Rhesus, 336. 
Rhinobatus, 163. 
Rhinoceros, 312. 
Rhinocryptis, 174. 
llbinolophuK, 3.30. 
Rbinopoma, 330. 
Rbipidoglossa, 37, 46. 
ilhodeus, 169. 
Rhombus, 171. 
Rhyuchuccphalla, 2 1 9. 
Uhyiicbonella, 85. 
Rhynehosaurus, 219. 
Rhyuchosuchus, 225. 
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Bhyncops, 257. 

Bhytina, 310. 

Bib, 111. 

Binged-snake, 212. 
Bingonsel, 263. 

Boach, 169. 

Boaroa, 271. 

Bobin, 268. 

Bock-dove, 262. 
Bock-rabbit, 320. 
Bodentia, 320. 

Boe-deer, 317. 

Boilers, 265. 

Book, 266. 

Borquals, 310. 
Koseiimuller’s orgau,204. 
Bossia, 70. 

Bostellaiia, 48. 

Bumen, 31 6. 
Buminantia, 316. 
Bupicapra, 318. 
Bupicota, 267. 
Biisselbar, 326. 

But, 294. 

Sablc-martcn, 326. 
Saccoglossa, 53. 

Haccule, 121. 

Sacral, 113. 

Sahui, 3H4. 

Sai, 335. • 

Baiblirig, 169. 

Saiga, 317. 

Saimir, 335. 
Salsimaiidra, 191. 
Salaniandriua, 191. 
Salaiigane, 266. 

Salmo, 169. 

Salmon, 169. 

Sal pa, 109. 

Saipoi, 108. 

Sand-eel, 170. 
Saiid-grouse, 261. 
Sand-Iizani, 219. 
Sand-martin, 266. 
Sandpiper, 268. 
Sand-snnke, 212. 
Saphan, 320. 
Sarcorliamphus, 269. 
Sardine, 169. 

Sargus 172. 

Satyrus, 336. 

Saurii, 214. 

Sauroidjc, 163. 
Sauro]jsida, 129. 
Saiiropterygii, 223. 
Siinrurai, 235, 255. 
Sawfish, 163. 

Scalaria, 47. 

Scalops, 323. 
Scandentia, 303. 
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Scansores, 263. 
Scaphirhynchus, 165. 
Scapbopoda, 28. 
Scapula, 114. 
Scapulae, 240. 

Scams, 171. 
Schwebforelle, 169. 
Sciena, 172. 

Scincufi, 219. 

Sciurus, 322. 
Sclerodermi, 168. 
Scollop, 26. 
Scolopacidic, 258. 
Scolopax, 258. 
Scomber, 172. 
Scomberesox, 171. 
Scops owl, 269. 
Scorpaena, 172. 
Screamers, 259. 
Scrotum, 291. 
Scrupocellaria, 80. 
Scutes of snakes, 210. 
Scutus, 4(». 

Scyllaea, 68. 

Scyllium, 162. 
Scytale, 212. 

Sca-bcar, 324. 
Sea-cats, 161. 
Sea-devils, 163. 
Sea-hares, 52. 
Sea-hedgehog, 168. 
Sea-horse, 167. 
Sca-lioD, 324, 

Sch -otter, 326. 
Sea-scorpion, 172. 
Sea-snakes, 21,3. 
Sca-trout, 169, 

Seal, 324. 

Secretary binl, 270. 
Sceforellc, 169. 

* Solache, l(i2. 
Selachii, 1 57. 

Semitic, 339. 
Semnopithecus, 336. 
Sepia, 70. 

Sepiola, 70. 

Seps, 219. 

Serialaria, 79. 
Seriema, 259. 
Sermnus, 1'71. 

SeiTal, 327. 

Shad, 169. 

Shark, 162. 

Sheep, 318. 
Sheldrake, 257. 
Shepherd’s bird, 269. 
Ship- worm, 28. 
Shrew, 323. 

Shrikes, 267. 
Situnang, 336. 
Sigarctus, 48. 


Silurus, 170. 
Simosauras, 228. 
Siphon, 17. 

Sipboniata, 27. 
Siphonops, 188. 
SiphonostomatouB, 32. 
Siredon, 190. 

Siren, 190. 

Sirenia, 310. 

Siskin, 268. 

Sitta, 267, 

Sittacc, 264. 

Skates, 163. 

Skimmer, 257. 

Skua, 257. 

Skunk, 326. 

Slavs, 339. 

Sloth, 306, 

Smew, 267. 

Snakes, 207. 

Snake, coral, 213. 

„ rattle, 214. 

„ ringed, 212. 

„ sea, 213. 

., tree, 212. 

Snipe, 258. 

Solarium, 47, 

Sole, 171. 

Solea, 171. 

Solen, 28. 
Soleiioconchje, 30. 
Solenoglypha, 209, 213. 
Bolidungula, 312. 

Sorex, 323. 

S]mlax, 322. 

Sparidse, 172. 

Sparrow, 268. 
Sparrow-hawk, 269. 
Spatularia, 166, 
Spharjps, 229. 
Sphcuiscus, 266. 
S})henudon, 219. 
Sperm-whales, 310. 
Spermaceti, 310. . 
Spermophilus, 322. 
Spider-monkey, 336. 
Spinacid;c, 162. 
Spincd-loach, 169. 
Spinous process, 111. 
Spirit ei\ 85. 

Spirula, 70. 

Spleen, 126. 

Spondylus, 26. 
Spoonbill, 258. 

Sprat, 168. 

Springhase, 321. 
Sqnalides, 162. 

Squat us, 162. 
Squamosal, 198. 
Squatina, 162. 
Sciuatinorajidffi, 163. 
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Sqisinel, 322. 
Sqniriel-monkey, 885 
Stapes, 277. 

Starling, 267. 

Statoblast, 74. 
Steganopodes, 257. ‘ 
Steinbo^, 818. 

Steller’s sea-oow, 310. 
Stellio, 219. 
Stelmatopoda, 79. 
Steneosauria, 224. 
Stenops, 881. 
Stenostoma, 211. 

Sterlet, 166. 

Sterna, 257. 

Stemseher, 172. 
Sternum, 114. 

Sternum abdominale, 

222 . 

Stickleback, 171. 
Sting-rays, 168. 
Stockfisch, 170. 

Stork, 258. 

StrepsiceroB, 817. 
Strichvogel, 255. 
Strigops, 264. 

Strut, 269. 

Strombus, 48, 48. 
Struthio, 270. 

Sturgeon, 166. 
Sturmvogel, 267. 
Sturnns, 267. 

Stylifer, 43. 
Stylommatophora, 61. 
Subungulata, 821. 
Suecinea, 62. 
Suckiiig-tisli, 172. 

Sula, 257. 

Sulci, 282. 

Sun-fish, 168. 
Supraoccipital, 110. 
Surinam toad, 194. 
Surnia, 269. 

Sus, 815. 

Sylvia, 268. 
Sympathetic, 122. 
Symplcctic, 135. 
Synguathus, 167. 
Synotus, 329. 

Syrinx, 249. 

Symium, 269. 

Syrraptes, 261. 
Swallows, 266. 

Swan, 257. 

Swifts, 266. 

Swimming bladder, 143. 
Sword-fish, 172. 
Tachypetes, 257. 
Tienioidae, 178. 
Tseuioglossa, 37, 47. 
Talpa, 823. 


Tamias, 822. 

Tanrec, 328. 

Tapayaxin, 219. 
Taphozous, 329. 

Tapir, 312. 

Tarsius, 881. 

Tarsus, 115. 

Tasmanian Wolf, 304. 
Tectibranchiata, 52. 
Tejus, 220. 

Teleosauria, 224. 
Teleostci, 166. 

Tcllina, 28. 

Tench, 169. 

Tenuirostres, 265. 
Terebra, 47. 

Tcrebratula, 85. 
Terebratulina, 85. 
Teredo, 28. 

Teigipi^s, 5.1. 

Tern, 267, 

Testicardines, 85. 
Testudo, 2,80. 

Tethyodea, 90. 

Tethys, 53. 
I’ctrabranchiata, 67. 
Tetrao, 261. 

Tetraonidae, 261. 
Tetrodoii, 168. 
Thalamcncephalon, 120. 
Thalassidroma, 257. 
Thalassochclys, 229. 
Tbaliacea, 10.1. 
Thccidinni. 85. 
'rhecodontia, 220. 
I'hecosoniata, 5(». 
Thoracic, Jl3. 

Thrush, 2()8. 
'Turush-Nightingfile, 268. 
Thylacinus, 304. 
Thymallus, 169. 
Thymus, 184. 
lliynnus, 172. 

Tibia, 115. 

Tichodroma, 265. 
Ticdmannia, 56. 

Tiger, 327. 

Tiuamidm, 261. 
TinamouH, 261. 

Timm, 16'.1. 

Tinker, 171. 

Titmice, 267. 

Toad, 19.*i. 

,, frog.s, 195. 

,, Smiiiam, 194. 
Toothed-tmriis, 170. 
Tope.'-, 162. 

Top-shell, 46. 

I’orpedo, 163. 

Tprtoise, common, 230. 

„ land, 230. 


Tortoise, mud, 229. 

„ soft, 229. 
Tortrix, 212. 

Totanus, 258. 

Toucans, 263. 
Toxoglossa, 47. 

Trachea, 124. 

Trachinus, 172. 
Trachipterus, 173. 
Tragulus, 317, 
Tree-erceper, 206. 
Tree-frog, 196. 
Tree-sn^es, 212. 
Tremoctopus, 66, 70. 
Trichechus, 324. 
Trichoglossus. 264. 
Tridacna. 27. 

Trigla, 172. 

Trigonia, 27. 

Tringa, 258. 

Trionyx, 229. 

Triton, 191. 

• Tritonia, 53. 

Tritonium, 48. 

Trochilus, 265. 

Trochus, 46. 

Troglodytes, 268, 33(;. 
Trogon, 203. 

Tro])ic bird, 257. 

, Tropidonotus, 212. 
j Tro))iduru8, 219. 

'Prout, 169. 

'P rum peter, 259. 
i TT*unk-fish, 168. 
i Trygon, 163. 

Tubiicolkhc, 28. 
I’ubuliporidsB, 79. 
Tunicata, 85. 

Tunny, 172. 

Turbmals, 277. 

Turbo, 46. 

Turbot, 171. 

Turdus, 268, 

Turkey, 261. 

Turtles, 229. 

Turtur, 262. 

I’ylojjoda, 317. 
Tympanic l>ulln, 277. 
TyphlopK, 211. 

Ulna, 115. 

Umbcrfische, 172. 
Umbilical artery, 297. 
Umbilicus, 205. 

Umlx), 18. 

Umbra, 169. 

Umbrella, 52. 

(•mbrina, 172. 
j U/iuu, 306. 

' Uncinabi processes, 135. 
I Unio, 27. 



tTnlce, ^ 

tFl^UML 

XTiax, ,261. 
tJreter» 126. 

Utethxa, 127. 

Uria, 267. 

Urochord, 87. 

Uxodela, 188. 
UxomaBtix, 219. 
UiopeltiB, 212. 
Uropygial glaad, 289. 
Ursus, 826. 

Uterus, 294. 

Uterus masculinus, 292. 

Vampire, 380. 
Vampyrus, 880. 

Vane, 238. 

Vanellus, 268. 

Varanus, 220. 

Velum, 10. 

Vena cava, 125. 

Venus, 27. 

Vermetus, 47. 
V^illnguia, 217, 805. 
Veronicella, 51. 
Vertebral theory of skull, 
110 . 

Vertebrate, 109. 
Vesioularia, 79. 
Vospertilio, 329. 
Vesperugo, 329. 
Vexillum, 238. 


Vibvncula, 74. 
tibrisOK, 289, m. 
Viper, 218. 

Vip^ 218. 

Viskatscha, 321. 

Viverra, 326. 

Viviitarous , selaohiaufl, 
160. 

Vliasmaki, 881. 

Voles, 321. 

Voluta, 47. 

Vomer, 117. 

Vulture, 209. 


Waders, 267. 

Wagtails, 267. 
Waldheimia, 85. 
Wall-creeper, 266. 
WaUer, 170. 

Wsdru^, 324. 

Warbler, 268. 

Wart-hog, 316. 
Water-hens, 269. 
Water-rat, .321. 

Wattles, 260. 

Waxwing, 267. 

Weasel, 326. 
Weaver-birds, 268. 
Wellenpapagei, 264. 
Weis, 170. 

Wentle-trap, 47. 
Whale-bone whales, 310. 
Whales, 306. 

Whelk, 47. 


White-fish, 809. 
Whiting, 170. 
Whooper, 267., 
Wiokelbar, 826. 
Winkle, 47. 

- Wolf, 826. 
Wolf-fish, 178. 
Wolffian body, 184. 
Wombat, 308. 
Woodcock, 268. 
Woodlark, 266. 
Woodpeckers, 264. 
Wrasses, 171. 

Wren, 268. 
Wryneck, 264. 


Xenopus, 194. 
Xiph&, 172. 

Yak, 818. 

Zamenis, 212. 

Zebra, 314. 

Zebu, 318. 

Zeugobranchiata, 45i 
Zeus, 172. 

Zitterwels, 170. 
Zoarces, 178, 

Zona pellucida, 296. 
Zonurus, 220. 
Zugvbgel, 265. 
Zygsena, 162. 
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